Editorial 


Historical Review of Cardiology in Japan 


N recent decades or so, many advances in the field of cardiology have been 
] made in Japan as well as in other countries and many important investi- 
gations have been published in Japanese Journals. However, unfortunately 
they are not quite usable to the foreign workers because of a barrier of the 
language. In order to introduce medical researches in Japan, we have to 
describe our works in foreign languages. But publications by Japanese in 
foreign journals have been very infrequent especially in the field of cardiology. 
Consequently, our contributions to the cardiology have been just frag- 
mentary in the world of cardiology. Under these situations, the author 
thought to be of great significance to introduce a progress of Japanese 
cardiology so as to fill up their gap. Of course it is impossible to describe 
completely all of researches in brief outline. So in this editorial, I would 
like to make a brief historical review of some trends of thought or tenden- 
cies of studies in Japanese cardiology through several representative researchers. 

It was the year of 1860 when our isolation policy was changed and the 
country was opened to any foreigners. Until this time, patients in our 
country had been treated by the medical knowledges transmitted from Orient 
countries mainly from China and we were able to understand Western medicine 
only through Dutch who were permitted to come to Japan during the isola- 
tion policy. From the end of the 19th century, we endeavored to absorb 
mainly German medicine. Since the beginning of the 20th century, in spite 
of the handicap of being not so familiar to the Western medicine, Japanese 
medical science began to rise to the world level rapidly. 

In 1906, S. Tawara investigated a detailed structure of the atrioven- 
tricular node and its connection with the bundle and branches as well as 
Purkinje fibres. B. Adachi wrote a book titled ‘ Arterial System of Japa- 
nese” in 1928 and he also published ‘‘ Venous System of Japanese ” in 1933. 
Both of these works were described in German and were so well known all 
over the world as a most qualified work in the anatomy of cardiovascular 
system. 

Until about half century ago, there had been many patients with beri- 
beri in Japan, whose main diet was polished rice. J. Shimazono (1927) 
studied this condition clinically and concluded that cardiovascular symptoms 
in beri-beri were caused by systematically reduced vascular tonus and that 
the right ventricular hypertrophy was caused as a result of hypotonus of 
pulmonary vasculature and paralysis of diaphragm as well as other respira- 
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tory muscles. 

Significant works of autonomic nervous system concerning the patho- 
physiology of the cardiovascular system have also been made. K. Sassa and 
H. Miyazaki (1920) examined Bainbridge reflex in anesthetized dogs and 
observed that tachycardia which was abolished by vagotomy would appear 
when a balloon was inserted into the right atrium to inflate it. K. Kure 
established a theory about the sympathetic nervous control of the tonus of 
diaphragmatic muscles in 1916 when he was studying on the pathogenesis 
of right ventricular hypertrophy in beri-beri heart disease. Thereafter he 
discovered many efferent nerve fibres in the dorsal root of spinal cord and 
illustrated their functions physiologically. When the dorsal root was stimu- 
lated, dilatation of the blood vessels of extremities has occurred but this 
phenomenon was not observed when adequate nicotine was injected into the 
ganglion cells of the dorsal root. From these observations, he concluded 
that this vascular dilatation was due to the action of efferent para- 
sympathetic nerve existed in the spinal cord. We remember him as the 
most representative and authoritative figure among Japanese cardiologists 
and now many brilliant followers who once studied under him play an 
important role in many fields of cardiology. S. Okinaka, one of his 
followers, studied the detailed relationships between cardiac depressor nerve 
and their central origin in the dogs. In 1948, H. Ueda showed the baro- 
receptor at the regions of subclavian and brachiocephalic artery. T. Fukuda 
and M. Kurotsubo (1942) illustrated that epinephrine, ephedrine and digitalis 
would excite the sensory receptors in the ventricle inducing reflex brady- 
cardia which was independent of carotid sinus reflex or aortic reflex. They 
suggested the existence of cardiocardiac reflex. M. Takino (1943) showed 
the receptor distribution in the main root of aorta and pulmonary artery in 
man and mammals and suggested that the reflex arose from these receptors. 

In 1908, M. Takayasu first described a rare case which had peculiar 
findings in the retina. In this discussion the absence of radial arterial pul- 
sation was mentioned by K. Onishi. Since this time, there have been quite 
a few reports concerning this syndrome. In 1948, K. Shimizu described triad 
of this syndrome, namely, abnormal ophthalmologic findings, defect of arterial 
pulsation and frequent syncopal attacks. This was the first report which em- 
phasized the increased sensitivity of the carotid sinus in this disease. 

T. Mashimo who was one of the great and most representative investi- 
gators in Japanese cardiology as well as K. Kure, contributed to the devel- 
opment and improvement of methodology of cardiological research with the 
use of electromechanical techniques. Also, he founded the Japanese Circu- 
lation Journal (official journal of Japanese Circulation Society) in 1935. 
Until that time, there had been no specific journal for cardiology and 
literatures concerning cardiology were scattered over the general medical 
journals. In 1938, Japanese Circulation Society was founded as a part of 


Japanese Medical Congress. In 1940, K. Kure and R. Kaneko and in 1942, K. 
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Sassa, T. Misao, I. Donomae, Y. Mikamo, K. Hara and M. Maekawa joined 
the society as members of editorial board. The members of this society 
have gradually increased in number and reached around 3,000 at present. M. 
Mackawa, one of the outstanding followers of T. Mashimo, has proposed 
unique theories for action potential of the heart and etiology of hyperten- 
sion, and has been the editor-in-chief of Japanese Circulation Journal. 

In the field of cardiac surgery, T. Sakakibara first reported the clinical 
experience on cardiac surgery at the meeting of Japanese Surgery in 1937. 
Since then, many of the Japanese surgeons who were interested in the cardiac 
surgery were stimulated and encouraged by his results. Y. Ozawa and S. 
Sakakibara also have studied a fundamental problems concerning open heart 
surgery under the direct vision. In 1938, T. Sakakibara devised a special 
cardioscope which was able to take a cinematography of the movement of 
cardiac valves. In 1956, S. Kimoto succeeded in human cases the trasplanta- 
tion of arterial homo- and hetero- grafts preserved in alcohol. In 1958, 
he also devised a new method, selective brain cooling by irrigation which 
permitted open heart surgery under direct vision. He has operated many 
patients with atrial septal defect by this technique without using a pump 
oxygenator and obtained excellent results. 

The author briefly reviewed the advances of Japanese cardiology main- 
ly in the past through several excellent researchers which provided the basis 
for the brilliant investigations now being made by many prominent cardio- 
logists in the field of studies such as electrocardiography (K. Matsuda, E. 
Kimura), vectorcardiography (N. Kimura, H. Toyoshima, T. Sano), phono- 
cardiography (K. Yamakawa), visceral circulations, myocardial metabolism 
T. Kobayashi) etc. In Japan, there are many patients with hypertension 
but incidence of coronary arteriosclerosis is low compared to other countries. 
From this point of view, many interesting contributions have been made 
by Japanese researchers. Unfortunately, the author is unable to introduce 
all of these due to the lack in the space. I hope that they will be introduced 
in details by the authors themselves in English which will be a considerable 
contribution to the world medicine. 


July, 1960 
Hideo UEDA, M.D. 














Studies on the Time of Valvular Movements in Mitral 
Valvular Disease with Ultrasonic Doppler Method 


Tsuneo YOSHIDA, M.D.,* Masayoshi MORI, M.D., Yasuharu NIMURA, 
M.D., Shinpachi TAKAGISHI, M.D., and Katsumi 
NAKANISHI, M.D. 


[he application of ultrasound to the examination within the body 
furnishes one with a tactile information which would be otherwise im- 
possible. Especially the application of ultrasonic Doppler method as- 
sures one of reliable data for valvular movements which bear an in- 
fluential, physiological and clinical significance. 

The aim of the present study was directed to the detection with 
ultrasonic Doppler method of the time of valvular movements in cases 
of mitral valvular disease. The findings obtained here are very likely 
to promise to afford fundamental understanding in interpreting various 
pathophysiological entities. 


ETERMINATION of the time of valvular movements of the heart offers 
D fundamental understanding in analysing the motion of the heart and 
interpreting the significance of heart sounds and murmurs. Clinically, a so- 
called opening snap and Hegglin syndrome constitute a concept closely re- 
lated to the valvular movements. ‘The time of valvular movements has been 
analysed mainly on the basis of pressure curve, pulse curve, electrokymogram, 
phonocardiogram, etc. But these analytical methods are indirect ones, being 
not without some technical shortcomings. 

With its sharp directivity and transmittivity in tissues, ultrasound enables 
one to perform detailed examinations within the body. Especially the 
ultrasonic Doppler method can detect the time of valvular movements.!)~* 
As an application of the ultrasonic Doppler method, determination of the time 
of valvular movements in mitral valvular disease is being reported. 


METHODS 


Application of the Doppler Method on the Heart— 

When a continuous ultrasonic beam, 3 Mc/s, 20~50 mW/cm.? is transmitted? >?) 
to the heart from an electrosonic transducer which is placed on the chest wall (Fig. 1), 
part of which transmitted is reflected from the tissue boundary such as the free 
wall, septum or valves of the heart. The reflection of ultrasound in the heart is 
mainly carried out on the endocardial surface, i.e., the blood-tissue boundary,®* where 
exists a discontinuity of sonic impedance values. The reflected wave, being sub- 
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Fig. |. A transducer is presented being manipulated. 


ject to Doppler effect due to the movements of the target, shows a slight difference 
in frequency from its primary one. Therefore, if both reflected wave and direct 
wave are simultaneously detected with the same transducer, there appears between 
these waves a beat having a frequency which is proportionate to the velocity of 
the target. Namely, if the velocity of the target is u, the wave length of ultra- 
sound in the body tissue 4, the angle between the direction of the beam and the 
velocity of the target ~ and the frequency of the beat fy, there follows 
2 
fg COS “& 
A 
On the basis of the beat, it is able to obtain information about the existence of 
the movements of the target and the velocity. 
The apparatus consists of a high-frequency oscillator, an electrosonic trans- 
ducer made of barium titanate, a detector, an amplifier, filters and a_ recorder 





Fig. 2). The detailed description of the apparatus have been published in else- 
where.'’-* The Doppler signals obtained are recorded on the electromagnetic 
oscillogram with ECG and PCG simultaneously. The paper speed used in this 
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Fig. 2. Schematic block diagram of the instrument. 
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study was about 20 cm./sec. As monitor, a Braun tube and an earphone were 
employ ed. 

Doppler signals were recorded on oscillopaper as vibrations. When the target 
stands still there appear no signals, and the curve regains the base line. If the 
direction of the target’s movement is at a right angle to the direction of ultra- 
sonic beam there appear no signals. But, practically all the signals could be 
obtained since the target was not a smooth plane. 

Of the Doppler signals obtained with this method” those which are related 
with the heart wall have a frequency of about 200 c/s, and those which are due 
to valvular movements have a frequency of about 1000 c/s. These 2 kinds of signal 
are separated by means of filters and individually recorded. 

[he Doppler signals due to valvular movements (Fig. 3a, 3b, 3c, 3d) have a 
short duration ; they appear in early systole and early diastole being related with 
the opening and closing of the valves. 
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Ultrasonic Doppler signal interpreted to be related with valves. 
aortic valve. Ao: opening. Ac: closing. 

pulmonic valve. Po: opening. Pec: closing. 

mitral valve. Mc: closing. Mo: opening. 

tricuspid valve. Tc: closing. To: opening. 


(S.N., a 34-year-old healthy man) 


It has been established that the area to place an electrosonic transducer for 


the respective valves was inductively determined on the basis of the anatomical 
location of the valves, the findings of such cases as bundle branch block in which 
the time of valvular movements in the left heart would be different from that in 


the right heart, as well as on the findings in other pathological conditions." 


6) 


For instance, near the left sternal border in the third or fourth intercostal 
space is selected for the aortic valve; near the left sternal edge in the second or 
third intercostal space for the pulmonary valve; near the left parasternal line in 
the fourth intercostal space for the mitral valve; near the left sternal border in 
the fourth or fifth intercostal space for the tricuspid valve. 
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Since the areas indicated for the respective valves are partially superimposed, 
sometimes it is difficult to decide whether the Doppler signals obtained belong to 
which semilunar valve or which atrioventricular valve. 

A signal indicating the opening of the aortic valve (Ao) appears in early 
systole ; a signal indicating the closure of it (Ac) appears just before the second 
heart sound (Fig. 3a). Likewise, regarding the pulmonary valve, signals Po and 
Pc appear corresponding to the opening and closure of it (Fig. 3b). The end of 
a signal indicating the closure of the semilunar valve coincides with the begin- 
ning of the second heart sound.””) When the times of the closure for both semi- 
lunar valves are different and the second heart sound is split or reduplicated, 
there appear Ac and Pc prior to the components of the second heart sound, ila 
and IIp, which are related to the aortic valve and the pulmonary valve respec- 
tively.) >? 

A signal indicating the closure of the mitral valve (Mc) appears in early systole ; 
a signal indicating the opening of it (Mo) appears in early diastole (Fig. 3c). Like- 
wise, signals Tc and To appear corresponding to the closure and the opening of 
the tricuspid valve (Fig. 3d). Regarding to the mitral valve and tricuspid valve, 
besides the above mentioned signals, signals of about 1000 c/s in frequency (Mps 
and Tps respectively) begin to appear 0.10~0.13 sec. after the beginning of P- 
wave (Fig. 3c and 3d). The development of these signals seems attributable to 
a passive movement of the atrioventricular valve due to the impelling of the blood 
into the ventricle, being subject to the atrial contraction. »9)>® 

The duration McAo between the beginning of the signal Mc and the signal 
Ao is defined as an isometric contraction of the left ventricle and the duration 
TcPo as that of the right vetricle ; the duration AcMo is defined as an isometric 
relaxation of the left ventricle and the duration PcTo as that of the right ven- 
tricle. However, it must be admitted that Ac and Pc, as mentioned above, keep 
a certain time relationship with the second heart sound or IIa, IIp respectively. 
So, for the convenience, IlaMo, and IIpTo were employed instead of AcMo and 
PcTo respectively in this paper. 

Besides the aforesaid low-frequency and high-frequency Doppler signals, there 
was recorded during systole and diastole a noise which lasts long with a consid- 
erably high frequency.”)»*) This noise seems to be originated from disturbances 
in reflection coefficient of a medium on the path of ultrasound and in phase of 
reflected wave caused by a turbulance of the blood. 

The advantages of this method are as follows: 

1. The findings are free from a time lag. 

2. The onset and completion of valvular movements are detected separately. 

3. It is easy to detect the time of an atrioventricular valve opening. This 

time affords a maked variation under various conditions. 

+. The operating procedure is simple. 

It is assured that this method enables one to perform a time phase analysis 
of heart motion centering around the time of valvular movements, leading to an 
application on pathophysiologic and diagnostic researches. 


MATERIALS 


Thirty cases of nearly compensated mitral stenosis and 22 cases of mitral 
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stenosis and insufficiency with sinus rhythm were studied. The cases with atrial 
fibrillation were excluded from this study since they were complicated with effects 
of arrhythmia. 

A control group from the previous studies'’»® were used for the comparison, 


RESULTS 
Closure of Atrioventricular Valve in Mitral Valvular Disease— 
Signal Mps which appears following P-wave in healthy subjects does not 


appear in most cases of mitral valvular disease. All the 30 cases of mitral 
stenosis had no signal Mps (Fig. 4a) ; 22 cases of mitral stenosis and insufficiency 
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Fig. 4. Movements of atrioventricular valves in mitral valve disease. a, mitral 
valve. b, tricuspid valve. Mbps is absent. Tps appears. Tc precedes Mc. Mo 


precedes To. (T.M., a 26-year-old man with mitral stenosis) 
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except for 3 cases, did not have the signal. All cases which demonstrated an 
identification of signals of tricuspid valve origin revealed Tps (Fig. 4b). It 
was suggested that in cases of mitral valvular disease the mitral valve was 
hardly moved when the blood was impelled into the left ventricle by means of 
atrial contraction. ‘The hardness of the mitral valve is assumed to explain 
this phenomenon. 

Cases of mitral valvular disease generally show a prolongation of QMc, 
i.e., the duration between the beginning of ORS and the beginning of signal 
Mc (Fig. 5), over healthy subjects. This prolongation expresses a delay in 
the closure of the mitral valve (Table I). This trend was markedly observed 
in cases of mitral stenosis. 
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Fig. 5. Mitral valve movements in mitral stenosis. Mps is absent. Mc de- 
layed; IIMo shortened. The opening snap begins while Mo develops. (H.Y., a 
17-year-old girl with mitral stenosis) 


In all cases where the signal of the mitral valve and that of the tricuspid 
valve were both identified the closing of the tricuspid valve preceded that of 
the mitral valve (Fig. 4a and 4b; Table II). 

Opening of Atrioventricular Valve in Mitral Valvular Disease— 

In cases of mitral valvular disease the opening of the mitral valve preceded 
that of the tricuspid valve. Cases with mitral valular disease showed a shorten- 
ing of IIMo, i.e., an isometric relaxation of the left ventricle as compared 
with healthy subjects (Fig. 5; Table III). The second heart sound of cases of 
mitral valvular disease was often split or reduplicated. Such cases showed a 
shortening of IlaMo, i.e. the duration of an isometric relaxation of the left 
ventricle was shortened (Fig. 4a; Table II). IITo or IIpTo, i.e., an isometric 
relaxation of the right ventricle was not shortened (Fig. 4b; Table II). 

Mitral opening snap starts in the latter half of the duration of an opening 
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Table I. Time of Mitral Valve Closure in Cases of Mitral Valular Disease, 
MS: Mitral Stenosis MSI: Mitral Stenosis and Insufficiency 
QOMc ! MS MSI Healthy 
sec cases cases cases 
0.03 0 0 l 
0.04 0 l 14 
0.05 0 t 28 
0.06 6 7 20 
0.07 9 5 10 
0.08 12 5 3 
0.09 l 0 0 
0.10 2 l 0 
cases cases cases 
30 21 76 
Table II. 


Identification of Signals of Mitral Valve and of Tricuspid Valve. 


Time of Atrioventricular Valve Movements in Cases Showing 





Patient 


wn 7 


AR ZY 


H. G. 
K. H. 
Ree 
S. M. 
M. Y. 
K. S. 
M. K. 
M. K. 


Age 


26 
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Clinical 
Diagnosis 


MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 
MSI 


QMc 


QTc 


movement of the mitral valve (Fig. 4a, 5). 
Opening of Semilunar Valve in Mitral Valvular Disease— 


Generally speaking, it is occasionally difficult to differentiate the signal 
of the aortic valve opening, Ao, and that of the pulmonary valve opening, 


IIaMo_ IIpTo 
or or 
II Mo Il To 
sec. sec. 
0.06 0.05 
0.03 0.04 
0.06 0.07 
0.03 0.05 
0.06 0.06 
0.02 0.10 
0.04 0.06 
0.06 0.07 
0.06 0.06 
0.04 0.06 
0.02 0.07 
0.05 0.07 
0.05 0.07 
0.03 0.06 
0.06 0.07 
0.05 0.07 
0.04 0. 06 
0.04 0.06 


Qila 
or 


Qi 


sec. 
.38 
. 34 
.38 
.38 
38 
a 
.42 
re 
.39 
-40 
.36 
.40 
39 
38 
-41 
42 
.39 
Be 


QIlIp 


sec. 


0.41 
0.37 
0.41 


0.41 


0.43 
0.42 


0.42 


0.43 
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Po. It seems because the detecting areas for these 2 are partially super- 
imposed or the opening time for them is almost the same. In general Po 
seems more easily detectable than Ao. 

These values of cases with mitral valvular disease which were considered 
to be OPo are shown in Table IV. Ordinarily they showed little difference 
from those of healthy subjects, but comparatively long values were observed 
in cases of mitral valvular disease. However, if Ao and Po are not both 
identified, there is a possibility of introduction of QAo due to the technical 
reason mentioned above. 

In 7 cases, in which Ao and Po were both identified, Po showed a delay over 
Ao except for one case; QPo showed a trend of prolongation over healthy 
subjects (Fig. 6a and 6b; Table V). McAo, i.e., an isometric contraction 


Table III. Time of Mitral Valve Opening in Cases of Mitral Valvular Disease. 





IIMo | MS MSI Healthy 

sec. cases cases cases 
0.02 3 4 0 
0.03 9 2 0 
0.04 7 5 0 
0.05 3 3 10 
0.06 8 6 23 
0.07 0 | 28 
0.08 0 l 9 
0.09 0 0 9 
0.10 0 0 2 

cases cases cases 
30 22 81 


lable IV. Time of Pulmonic Valve Opening in Cases of Mitral Valvular Disease. 





QOPo | MS MSI Healthy 
sec. cases cases cases 
0.08 0 | 0 
0.09 l l 5 
0.10 5 3 7 
0.11 ) 3 8 
0.12 5 4 4 
0.13 + l l 
0.14 0 2 0 
0.15 0 | 0 
0.16 0 0 0 
0.17 l 0 0 


cases cases cases 
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Fig. 6. Movements of semilunar valves in mitral stenosis. 
a, aortic valve. b, pulmonic valve. Ao precedes Po. 


(K.H., a 37-year-old man with mitral stenosis) 


of the left ventricle, was markedly shorter than that of the right ventricle, TcPo, 
in cases of mitral stenosis. 

For instance, in cases of mitral valve, the valves move in early systole in 
the order of Tc, Mc, Ao and Po. An isometric contraction and isometric re- 
laxation of the left ventricle are shorter than those of right ventricle. 
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lable V. Time of Semilunar Valve Opening in Cases Showing 
Identification of Both Ao and Po. 








Patient Age Sex Samoa QMc OTc QAo Q Po McAo TcPo 

sec, sec. sec. sec. sec. sec. 
S. K. 26 f MS 0.07 0.05 0.09 0.12 0.02 0.05 
K. T. 38 f MS 0.09 0.08 0.11 0.12 0.02 0.04 
K. H. 37 m MS 0.07 0.06 0.09 0.12 0.02 0.06 
¥.&. 24 f MSI 0.06 0.05 0.11 0.10 0.05 0.05 
M. K. 23 f MSI 0.08 0.04 0.11 0.15 0.03 0.11 
M. K. 25 m MSI 0.08 0.06 0.13 0.12 0.05 0.06 
ZF. 12 f MSI 0.04 0.08 0.10 0.04 


DIsCUSSION 


In most cases of mitral valvular disease of the heart, signal Mps is absent. 
It is suggested that the mitral valve does not move when the blood is impelled 
into the left ventricle by means of the atrial contraction. Here a limitation 
of movability of the mitral valve is assumed. In the meantime, Tps appears. 
In the early stage of the study with the ultrasonic Doppler method, these 
findings afforded an influential approach to the determination of the detecting 
area for the mitral valve and the tricuspid valve. 

In healthy subjects the tricuspid valve closure is about the same as the 
mitral valve closure or 0.01—0.02 sec. earlier than the latter!®” (Fig. le and 
ld). But it seems that the tricuspid valve closure definitely precedes the mitral 
valve closure in cases of mitral valvular disease. This is mainly due to a delay 
in the mitral valve closure. Here a delay in the mitral valve closure seems 
to be related with a delay in the onset of the apical first sound*)~'® in cases of 
mitral stenosis. The development of the delay seems to be due to such 
factors as an elevation in left atrial pressure, a hardness of the mitral valve, 
an insufficient left ventricular filling, and a leakage of pressure due to a 
regurgitation through the mitral ostium. The latter factor, however, does 
not seem to be so important, since many cases with mitral regurgitation have 
been encountered which showed no delay of Mc. Julian‘ stated that cases 
of mitral stenosis complicated with aortic regurgitation might show no delay 
in the mitral valve closure. The cases of mitral stenosis and insufficiency in 
the present study showed only a slight delay in the mitral valve closure. This 
no or slight delay may be attributable to a trend of increase in the diastolic 
filling of the left ventricle. 

The tricuspid valve closure in some cases showed a more or less delay 
in comparison to the healthy subjects. But in cases of hypertension with a 
pressure overloading on the left ventricle, the mitral valve closure showed 
no delay, and showed a tendency to precede the tricuspid valve closure. 
Thus it is not assumed that cases of mitral valvular disease with a pressure over- 
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loading of the right ventricle may develop a delay in the closure of the tri- 
cuspid valve. However, there has been also a report’) that cases of hyper- 
tension might develop a delay in the mitral valve closing time. Much seems 
left to be studied concerning the closing time of the atrioventricular valve in 
the ventricle which is overloaded with pressure. 

An early appearance of the mitral valve opening, i.e., a shortening of 
IIMo constitutes another feature in mitral valvular disease. Mitral opening 
snap begins nearly at the end of signal Mo. It is confirmed that mitral snap 
is referable to the mitral valve opening. Mitral snap has been understood to 
approach the second heart sound more as a pulmonary wedge pressure is 
more elevated.!®)!), 16.17) So far as mitral stenosis is concerned, cases of marked 
right heart preponderance in ECG show a marked shortening of I1Mo com- 
pared with cases without remarkable abnormality in ECG," It is suggested 
that an elevation in left atrial pressure makes a main factor for the early devel- 
opment of Mo. As reported in our previous paper,” cases with an over- 
loading on the left ventricle or myocardial changes show a delay in the devel- 
opment of Mo and prolongation of an isometric relaxation of the left ventricle. 
Thus it is interpreted that a less shortening of I] Mo in cases of mitral stenosis 
and insufficiency than that in cases of mitral stenosis alone may be due to 
the effect of a left ventricular overloading. Another interpretation holds a 
fact that left atrial pressure in mitral stenosis and insufficiency is generally 
not so high as that in mitral stenosis may be a causative factor. 

As mentioned above, cases with left ventricular overloading show a delay 
in the mitral valve opening, a prolongation of II Mo, and an appearance of Mo 
after To.!) Thus, it is expected that cases of mitral valvular disease of the 
heart with a right ventricular overloading may develop a delay in the tricuspid 
opening. But, the development of To later than Mo in the present study seems 
mainly due to the early development of Mo. Contrary to our expectation, 
no prolongation of IITo seems to have developed because IITo (or IIpTo) 
is 0.04—0.07 sec. except for a case of IIpTo=0.10 sec. The mechanism of the 
differences in the behaviors of the atrioventricular valves for the right and 
left ventricles is still unclarified. Cases with a left ventricular overloading 
having a tendency of heart failure develop a decrease in the prolongation 
of IIMo."'® The comparative shortening of IITo (or [IpTo) in the present 
study may be due to such a mechanism as shows the aforesaid in the prolon- 
gation of II1Mo. 

Regarding healthy subjects, there still remains a discussion over the 
precedence of either Ao and Po. As reported already,'® the ultrasonic 
Doppler method has revealed that healthy subjects show that the aortic valve 
opening begins 0.09-0.14 sec. (0.107 sec. ; 7 cases) after the beginning of the 
ORS and the pulmonary valve opening begins 0.09-0.13 sec. (0.106 sec. ; 25 
cases) afterward. But in cases where both signals (Ao and Po) are recorded, 
Po preceded Ao by 0.02 sec. or less. Since an elevation in pulmonary artery 
pressure is present in cases of mitral valvular disease, a delay is expected in the 





ag VALVULAR MOVEMENT BY ULTRASONIC DOPPLER METHOD 273 
opening of the pulmonary valve. The values described in Table V indicate 
that some cases of mitral valvular disease show a delay in the pulmonary valve 
opening which develops later than the opening of aortic valve. However, 
technically the values described in Table IV seem to have a possibility of 
introduction of real QAo. Q4Ao in cases of mitral valvular disease seems 
to demonstrate similar values to that of healthy subjects. 

It is revealed that the valves in early systole open and close in the order 
of Tc, Mc, Ao and Po. The results thus obtained are correspondent with 
those of Ueda'® and his associates obtained with other methods. 


SUMMARY 


Studies were made with ultrasonic Doppler method of the time of valvular 
movements in cases of mitral valvular disease with sinus rhythm and the fol- 
lowing results were obtained : 

1) Mps is absent, i.e. limitation of the movability of the mitral valve 
is suggested. ‘The absence of Mps constitutes a diagnostic significance. 

2) Mitral valve closing develops later than that in healthy subjects. 

3) Pulmonary valve opening seems to develop later than that in healthy 
subjects. 

+) The valvular movements appear in early systole in the following 
order: tricuspid valve closing, mitral valve closing, aortic valve opening and 
pulmonary valve opening. 

5) Mitral valve opening appears early, prior to tricuspid valve opening. 

6) Mitral opening snap appears to begin in the last half of mitral valve 
opening. 

7) The isometric contraction and isometric relaxation of the left ven- 
tricle are shorter than those of the right ventricle. 

8) The time of tricuspid valve movements does not seem to show 
marked changes. ‘This finding leaves room for further investigation. 

9) ‘The above findings are generally more conspicuous in cases of mitral 
stenosis than in those of mitral stenosis and insufficiency. 


Published in Med. J. Osaka Univ. 11: 4549, 1959 in Japanese) 
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Experimental Studies upon the Reciprocal Rhythm 


Ichiro DOHI, M.D., Yutaka DOHI, M.D., Tsutomu TADA, M.D., 
Yahiro MITA, M.D., Ken YOSHIDA, M.D., Yasushi MATSUURA, 
M.D., Riichi MARUYAMA, M.D., Shohji KOYAMA, M.D., 
and 'Torao TAKETANI, M.D. 


By depressing the A-V conduction system with procain-amide, the 
retrograde impulse of the ventricular extrasystole was sometimes blocked 
or followed by a reciprocal beat. The relation between the coupling time 
and the kinds of extrasystoles was examined. The retrograde conduction 
time of the ventricular extrasystoles with reciprocal beats had negative 
correlation with the coupling time and the antegrade conduction time 
of the reciprocal beat. Similar relations were found in the experiments 
of the reversed reciprocal rhythm, although it was far more difficult 
to produce this arrhythmia under the sinus rhythm. 


N ectopic rhythms with retrograde conduction, the condition of the re- 
] ciprocal rhythm rarely occurs. ‘This arrhythmia is seen usually in nodal 
rhythm especially when the atrioventricular conduction system is in the de- 
pressed state by the effect of the drug or organic heart disease. The first 
clinical case of this arrhythmia was published by White” more than 40 years 
ago, and additional cases were reported by Decherd and Ruskin,” Bix,* 
Cutts,” Schott®) and several others.®~?” 

In early days, this subject was extensively investigated experimentally 
upon mammalian heart by Scherf and Shookhoff,'* although this phenomenon 
was first observed by Mines! on the ray and frog heart. Scherf and Shook- 
hoff could produce this arrhythmia by applying successive stimuli to the ven- 
tricle under the A-V nodal rhythm or by stimulating the vagus under the same 
rhythm. In both instances, the V-A (ventriculo-auricular) conduction time 
was observed to lengthen gradually and sometimes the retrograde P-wave was 
followed by a reciprocal beat. 

The various explanations of the underlying mechanism have been con- 
sidered by several authors and they agreed with assuming longitudinal func- 
tional dissociation of A-V conduction system. When the fatigue of this tissue 
ensues, the impulse originating in A-V node or ventricle is transmitted in 
retrograde fashion to the atrium through some part of the A-V node and returns 
to the ventricle through the other part of the A-V node which is more depressed 
and in the refractory state when the retrograde conduction begins. 


From the Department of Physical Therapy and Internal Medicine, Faculty of Medicine, 
University of Tokyo, Tokyo (Director: Prof. Yoshio OHSHIMA, M.D.). 
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The existence of functional dual pathways was investigated and confirmed 
recently by Mendez, Gruhzit, and Moe’ in 1956, Moe, Preston and Burling- 
ton’® in the same year and Rosenblueth’” in 1958. In their experimental 
studies, the nature of A-V or V-A conduction was studied extensively and 
ingeniously by stimulating atria or ventricles under the various rate of atrial 
and ventricular rhythm with the sinus node crushed. 

According to these authors, the A-V conduction fibres consist of 2 portions, 
one of which has shorter refractory period and permits only slower impulse 
transmission and the other has longer refractory period and permits faster 
conduction. On the basis of these facts Moe and his co-workers experimentally 
produced the ventricular or atrial extrasystole which returned to the respective 
ventricle or atrium. ‘Thus they showed 2 forms of reciprocating impulse and 
established a strong evidence to the possible existence of the reversed reciprocal 
rhythm termed by Katz and Pick.'*’ Although only a few clinical cases of the 
reversed reciprocal rhythm which follows the atrial ectopic ‘mpulse have been 
hitherto reported'®’**) and some of them may permit other explanations, we 
should hereafter carefully examine the clinical records to discover these rare 
arrhythmias. 

Dohi and co-workers have made experimental studies upon the inter- 
polated ventricular extrasystole (I. VES.) since 1954,*" and in 1956 they re- 
ported®” the relationship of experimentally produced I. VES. and the ven- 
tricular extrasystole with a reciprocal beat (R. VES.). I VES. should be 
recorded when the retrograde impulse of the VES. is unable to pass through 
the A-V conductive tissue and R. VES. should appear when the tissue only 
partially recovered. In correspondence with this theoretical fact, the coupling 
of R. VES. was longer than that of I. VES. in our experiment. It is the pur- 
pose of this paper to summarize experimental data about the I. VES. and 
R. VES. and refer to the analogous relationship of blocked atrial extrasystole 

B. AES.) and atrial extrasystole reciprocating to the atrium (R. AES.). 


METHODS 


Twenty dogs weighing 12 to 18 Kg. were used for the experiment. The 
animals were anesthetized initially with sodium thiopental 15~ 16 mg./Kg., followed 
at times 5~10 mg./Kg. during several hours of each experiment. Both vagi were 
dissected in the neck and the artificial respiration was given through a double- 
tube inserted in the trachea. A transverse incision was made over the fourth or 
fifth intercostal space and the sternum was split transversely. Non-polarizable 
copper-copper sulfate electrode with soft-tipped boots were put on the right atrium 
and the position of the atrial electrode was selected so as to describe large antegrade 
conducting P-waves and to distinguish retrograde P-waves clearly. A pair of the 
same kind of electrodes were used as the bipolar stimulating electrodes and were 
placed either on the right atrium or ventricle to elicit atrial or ventricular extra- 
systoles respectively. For the purpose of depressing the A-V conduction system 
intravenous lanatoside C or quinidine hydrochloride was used at the beginning of 
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this study but later intravenous procain-amide was mainly used, because of its 
preventive effect of ventricular fibrillation following electrical stimulation applied 
to the ventricle. 

Ciba direct writer was used to record the unipolar atrial lead. 

The atrium or ventricle was stimulated with single or double electrical shock 
of 2~5 milliseconds duration and the time delay of the double stimuli was varied 
according to circumstances, mostly between 150 and 600 milliseconds. 

All experiments were performed under slow regular sinus rhythm and to 
minimize the influence of the change in sinus pace upon the A-V conduction system, 
a continuous long record which contains many extrasystoles of various coupling 
was made with the fluctuation of P-P intervals mostly less than 3 per cent. 


RESULTS 


1. Ventricular extrasystoles : 

While the sinus pace was rapid, the electrical stimulus applied to the 
ventricle produced only the ventricular extrasystole with a P-wave of sinus 
origin shortly before or after the QRS-complex (ventricular extrasystole with 
a compensatory pause). When the sinus pace became slower, the induced 
ventricular extrasystoles (VES.s) of shorter coupling time were followed by 
retrograde conducted P-waves and those of longer coupling had sinus P- 
waves near the ORS-complexes. Without the use of depressant drugs such 
as digitalis, quinidine or procain-amide, the induced VES.s took either of 
these 2 forms and the interpolated ventricular extrasystole was found only 
exceptionally. For the I. VES. to appear, the ventricle should respond to 
the stimulus and the retrograde impulse should be blocked anywhere in the 
A-V conductive tissue. 

When the depression of the A-V conduction system became severe, the 
retrograde conduction time became longer and sometimes the retrograde 
impulse of the second VES. induced in the double stimuli experiment was 
blocked or conducted with a remarkably long delay and again returned to 
the ventricle. In these states we could take a long record which contained 
many instances of 2 successive VES.s, the coupling time of the first being 
varied and the retrograde impulse of the second being blocked or producing a 
reciprocal beat. When the A-V conduction system became more depressed, 
the second stimulus produced only I. VES. and sometimes a single stimulus 
of various coupling time could produce I. VES. On rare occasions we could 
produce, in the single stimulus experiment, I. VES. or R. VES. repeatedly in 
a long record. 

We tried to examine in these records the coupling time of both kinds 
of VES.s, the retrograde conduction time, and the relation between the 
retrograde conduction time and antegrade conduction time of the recipro- 
cating impulse. The measured time intervals are as follows. 

PQ’: the time interval from the beginning of the preceding P-wave of 
sinus origin to the end of Q’ (ventricular extrasystole) 
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Q‘P,: the time interval from the end of Q’ to the beginning of P, (P- 
wave of sinus origin in the case of I. VES. or retrograde P-wave in the 
case of R. VES. 








P,Q,: the time interval from the beginning of P, to the beginning of Q, 
(ventricular complex directly after P,) q 
PP,: the time interval from the beginning of the preceding sinus P-wave ; 
to the beginning of P, 
Table I. Various Kinds of Measured Values in the Experiment of 
Interpolated Ventricular Extrasystoles and Extrasystoles 
with Reciprocal Beats 

PQ’ QP, P,Q, PP, P,P 

l R 76 24 26 100 116 

2 R 70 30 15 100 116 

3 R 72 $2 12 104 116 

t I 69 +3 15 112 112 

9 R 77 24 25 101 116 

6 R 75 26 20 101] 108 

R 76 26 19 102 110 

8 R 78 24 20 102 111 

9 R 77 26 18 103 111 

10 I 74 38 14 112 104 

1! I 66 +0 16 106 108 

12 R 76 30 14 106 108 

13 I 73 33 18 106 107 

14 I 69 38 16 107 108 

15 I 68 +0 16 108 108 

16 R 82 24 24 106 108 

17 I 71 37 17 108 107 

18 I 72 34 16 106 107 

19 I 71 37 16 108 109 

20 OR 84 24 22 108 108 

21 I 70 38 16 108 108 

22 I 73 34 16 107 108 

23 I 78 30 19 108 110 
24 I 77 3] 17 108 109 j 

25 R 83 27 19 110 108 

26 I 73 36 17 109 108 

27 I 74 35 17 109 109 

28 I 71 38 17 109 109 
29 I 69 40 16 109 108 

30 I 70 +0 15 110 108 

31 I 76 32 18 108 108 

32 R 79 24 22 103 108 
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In the. record of double stimuli experiment two VES.s are expressed as Q’ and 
Q’Q”: the time interval from the end of Q’ to the end of Q” 
P,Q”: the time interval from the beginning of P, to the end of Q” 
Q’” P,: the time interval from the end of Q” to the beginning of P, 
4 P-wave of sinus origin when the retrograde impulse of Q’’ is blocked or 
retrograde P-wave when Q”’ produces a reciprocal beat) 
P,Q,: the time interval from the beginning of P, (retrograde P-wave of 
Q’’) to the beginning of the ventricular complex of the reciprocal beat 
A) ‘The coupling time of VES. and its retrograde conduction 
Fig. 1. A. illustrates a continuous record of 4 VES.s. The first is the 
I. VES. and the fourth is the R. VES. The measured time intervals are 
shown in Table I. Fig. 1. B. shows the varying lengthening of the conduction 
time (P,Q,,) of the first sinus impulse after the I. VES. Fig. 2 is the illustra- 
tion of the double stimuli experiment, the interval of 2 successive stimuli being 
kept fairly constant and the first stimulus being applied in the various phase 


ae 


of diastole. 

The distribution of PO’ measured in the single stimulus experiment is 
illustrated in Fig. 3. Here we see the tendency that early VES.s take the 
form of I. VES. and late VES.s the form of R. VES. A similar relationship 
exists in the case of double stimuli experiment. In this case the conductivity 
of the A-V conduction system varies according to the coupling of each stimulus. 
The influence of the first stimulus is examined with the fairly constant time 
delay of the second stimulus. Fig. 4 illustrates the distribution of PQ’. The 
retrograde conduction is completely blocked, partially conducted with a 
reciprocal beat, or conducted through the whole pathway according to the 
coupling of the first stimulus. Similar relation is found in Fig. 4. B., which 
illustrates the distribution of the coupling of the second stimuli measured as 
P,Q” for the purpose of convenience. In 14 out of 16 cases, in which 2 or 
3 kinds of VES.s were recorded, the above mentioned relationship was observed 
although narrow range of overlapping existed near the boundary. 

B) Retrograde conduction time of the VES. 

In each experiment in which R. VES.s and VES.s with retrograde P- 
waves not returning to the ventricles were recorded, the distribution of Q’P, 
or Q’’P, was examined. As illustrated in Fig. 5, the retrograde conducted 
impulse returns to the ventricle when the conduction rate is slower. 

In most cases there are negative correlation between retrograde con- 
duction time of R. VES. and its couplig time. 

C) Antegrade conduction time of the reciprocal beat 

The point where the retrograde impulse engages another antegrade 
pathway is not known in this experiment. We regarded the beginning of 
P, as the time when the retrograde impulse reached the upper end of the 
a-v conduction system. On the assumption that the returning impulse en- 
gages the antegrade pathway near the upper end of the conduction system, 
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Fig. 1. A: The continuous record of the single stimulus experiment. S, 


produces an interpolated ventricular extrasystole. S, and S, produce VES.s with 
compensatory pauses. 5S, produces VES. with a reciprocal beat. 

B: The four stimuli (S,~S,) produce I. VES.s. As the coupling time of VES. 
lengthens, the PQ interval which follows the VES. becomes longer. 
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Fig. 2. The double stimuli experiment. Each of six stimuli produces two suc- 
cessive VES.s (Q’ and QQ”). The interval between Q’ and Q” is fairly constant. 


According to the coupling time of Q’, the retrograde impulse of the second VES. 
produces a reciprocal beat (S,, S,, S,) or only the retrograde P-wave (S,) or can- 
not reach the atrium (S,, S,). The recording is interrupted for several seconds at 


the mark X, to make least the influence of each stimulation upon the next one. 


the P,Q, was selected as the antegrade conduction time of the reciprocal 
beat. 


As illustrated in Fig. 6. A., negative correlation was found between 
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Fig. 3. Distribution of PQ’ in the single stimulus experiment. The abscissa is 
the time interval PQ’ measured in 1/100 second, and the ordinate is the number 
of VES. The distribution of both kind of VES.s shows narrow range of overlapping 
between 75 and 78. 
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Fig. 4. A: Distribution of PQ’ in the double stimuli experiment. The scale 
of co-ordinate is as in Fig. 3. In this case Q’Q” fluctuates between 63 and 66. Ac- 
cording to the varying coupling of Q’, the second stimulus produces I. VES., R. 
VES., or VES. with a retrograde P-wave only. 

B: Similar relation as Fig. 4. A. In this experiment Q’ Q” varies in a wide 
range and the fluctuation of the coupling of Q’ is small. 
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Fig. 5. Retrograde conduction time (Q”P,) of R. VES. and VES. with retrograde 
P-wave not returning to the ventricle. Those VES.s with longer Q”P, produce 
reciprocal beats. 


R: VES. with a reciprocal beat 
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Fig. 6. A: Correlation of retrograde conduction time (Q’P,) and the antegrade 
conduction time of the reciprocal beat measured as P,Q, for convenience’ sake. 

B: Similar relation in the case of double stimuli experiment. Time scale in 
1/100 second. The figure near the circle indicates the number of points having 
the same co-ordinates. 


Q’P, and P,Q, in the single stimulus experiment, and similar relation was 
found in the double stimuli experiment as shown in Fig. 6. B. Such relation- 
ship existed in 12 of 16 cases. 
D) The relation of the coupling time of I. VES. and the conduction time 
of the next sinus impulse 

Fig. 7 illustrates that there is negative correlation between Q’P, and 
P,Q,. Since the sinus pace is kept constant, the I. VES. with longer cou- 
pling time has shorter Q’P, interval, and we know from Fig. 7 that the later 
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Fig. 7. The relation of the coupling of the I. VES. and the antegrade con- 
duction time of the next sinus impulse. Instead of the coupling time, Q’P, is 


plotted as the abscissas. 
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Fig. 8. The double stimuli experiment. Each of four stimuli produces two 
successive AES.s. The interval between P’ and P” is fairly constant. According to 
the coupling time of P’, the second antegrade impulse produces again the retro- 
grade P-wave (S,, S,), or is blocked (S,) or is followed by a ventricular complex 
only (S,). 


I. VES. arises the more prolonged the conduction of the next sinus impulse 
is. Such relation existed in all cases. 
2. Artrial extrasystoles : 

Similar experiments were performed with the stimulation of the atrium, 
the A-V conduction system being depressed with procain-amide, but it was far 
more difficult to produce atrial extrasystoles (AES.) which again returned to 
the atrium. We could not obtain the record of reversed reciprocal rhythm 
by the single stimulation of the atrium, and only 3 cases of this rhythm were 
hitherto obtained in the double stimuli experiments. One of the causes of 
difficulty was the appearance of spontaneous AES.s which followed the 2 
successive AES.s induced by the stimulation. 

Fig. 8 illustrates the record of 2 successive atrial stimulation. The 
antegrade impulse of the second AES. sometimes returns again to the atrium 
S, or S,). This is the rare case of reversed reciprocal rhythm experimentally 
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produced under the sinus rhythm. According to the coupling time of the 


first AES., the second atrial impulse was blocked or conducted to the ventricle 
with or without returning to the atrium. The distribution of the coupling 


(PP’) is illustrated in Fig. 9. 
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Antegrade conduction time (P’’Q,) of the second AES. was examined 
about the AES.s which were conducted to the ventricle. As illustrated in 
Fig. 10 those AES.s having the longer antegrade conduction time return to 
the atrium. 

Retrograde conduction time of the reciprocating impulse was measured 
as QP (the time interval from the beginning of Q, to the beginning of P), 
and there was negative correlation between P’’Q, and Q,P as illustrated in 
Fig. 11. 


Discussion 


It is widely accepted clinically and experimentally that the impulse of 
the VES. can be conducted in retrograde fashion to the atrium if the A-V 
condution system is not in the refractory state. If this system is depressed 
by some drugs, the induced VES. cannot be conducted backwardly and I. 
VES.s of various couplig can be recorded. The retrograde impulse of I. 
VES. leaves some influence upon the lower end of the A-V conduction system, 
thus lengthening in various extent the conduction time of next sinus impulse. 

If the I. VES. arises early in diastole, the next sinus impulse reaches after 
longer time interval the point where the retrograde impulse stops. Accord- 
ingly there exists negative correlation between Q’P and P,Q, as illustrated 
in Fig. 7. 

If the conductivity of the A-V conduction system becomes a little better 
and if the longitudinal functional dissociation exists, the retrograde impulse 
may be conducted to the atrium through the pathway which has shorter re- 
fractory period and may return to the ventricle forming a reciprocal beat. 
Thus the I.VES. theoretically bears a close relationship with the R. VES. 
In our experiment VES.s with shorter coupling tended to form I. VES. and 
those with longer coupling tended to form the R. VES. 

Concerning the retrograde conduction of the R. VES., it is natural to 
suppose there should be negative correlation between Q’P, or Q’’P, and 
the coupling of Q’ or Q”’ respectively. This was true in our experimental 
data. 

We cannot decide the point where the retrograde impulse engages another 
pathway and changes its direction. If the point is near the upper end of the 
A-V conduction system, we may select P,Q, or P,Q.as the antegrade conduc- 
tion time of the reciprocal beat. This value appeared to have negative corre- 
lation with the retrograde conduction time of the VES. In most cases it 
bore no correlation with PP, which means the time interval while the ret- 
rograde impulse of the R. VES. reached the upper end after the preceding 
sinus impulse passed this point. In the case of R. VES. the lower part of the 
returning pathway should be penetrated by the retrograde impulse. If the 
retrograde conduction time is too long, the returning impulse reaches later 
the point where the retrograde impulse stops, thus being transmitted rapidly. 
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In the experiment of the atrial stimulation there seems to exist similar 
law of the conduction, but to produce the reversed reciprocal rhythm is very 
difficult. It may in part be due to the difference in the structure of the 
conductive tissue at the upper or lower end. We succeeded to produce this 
arrhythmia under the sinus rhythm in only 3 experiments, and similar rela- 
tions as in the experiment of VES. were found about the distribution of the 
coupling time, the conduction time of the second AES., and the correlation 
between the retrograde conduction time of the returning impulse and the 
antegrade conduction time of the second AES. 


SUMMARY 


By depressing the a-v conduction system mainly with procain amide in- 
jection, 3 kinds of VES.s or AES.s were produced in the experiments on dogs. 

1) According to the coupling time of the VES., the retorgrade im- 
pulse was completely blocked or partially conducted with a reciprocal beat 
or conducted through whole pathway to the atrium. Similar relationship 
was observed in the experiments of AES.s, although it was far more difficult 
to produce a reversed reciprocal rhythm. 

2) The retrograde conduction time of R. VES. was longer than that 
of the VES. with a retrograde P-wave only, and had negative correlation with 
the coupling time of R. VES. and the antegrade conduction time of the 
reciprocal beat. 

3) The antegrade conduction time of the R. AES. was longer than 
that of the AES. conducted to the ventricle only, and had negative correla- 
tion with the retrograde conduction time of the reciprocating impulse. 

(4) The conduction time of the first sinus impulse after the I. VES. 
had negative correlation with the interval between the VES. and the next 
sinus impulse. 


(Published in Respiration and Circulation 6: 565,1958 in Japanese) 
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Experimental Studies on the Nervous Control of the 
Renal Circulation—Effect of the Electrical 
Stimulation of the Diencephalon on the 
Renal Circulation 


Jugoro TAKEUCHI, M.D.,* Sigeru YAGI, M.D. 
Shosaku NAKAYAMA, M.D., Takao IKEDA, M.D., 
Eiichi UCHIDA, M.D., Gosuke INOUE, M.D., 
Fujio SHINTANI, M.D., and Hideo UEDA, M.D.** 


An attempt has been made to investigate the changes in blood 
pressure and renal blood flow induced by electrical stimulation of the 
diencephalon of dogs and to elucidate the significance of diencephalon 
in the regulation of renal circulation. The stimulation of the medial 
and midline nuclei group in the thalamus and most of the hypothalamic 
and subthalamic nuclei resulted in an increase in the blood pressure 
and a decrease in the renal blood flow which was attributed to the renal 
vasoconstriction. The stimulation of a part of the ventral and lateral 
nuclei group in the thalamus, a part of the preoptic area and anterior and 
middle portion in the hypothalamus resulted in a fali in blood pressure 
associated with a decrease in renal blood flow and it was believed that the 
renal blood vessel induced practically no or very slight constriction. On 
stimulation of the geniculate bodies, the ventral and lateral nuclei group, 
there often occurred little or no change in circulatory responses. No 
obvious findings were obtained in this case which suggested the presence 
of renal vasodilator nerve in these areas. 


LTHOUGH the kidney is innervated abundantly, the definite functions 
A of these nerves have not been clearly delineated.’»® In the previous 
reports,®)”’ we observed some alterations in arterial blood pressure and renal 
blood flow induced through the reflex pathway by the electrical stimulation 
upon the central side of the cut end of the splanchnic, femoral and vagus 
nerve. 

Since the works of Karplus and Kreidl*) (1909-1928), numerous studies®"®” 
on the various functions of diencephalon have been reported and revealed 
that the diencephalon was not only a relay station of the sensory system but 
also participated closely in autonomic functions, regulations of endocrine 
system and metabolism, and the mechanisms of emotion and consciousness. 


From the Second Department of Internal Medicine, Faculty of Medicine, University of Tokyo, 
Tokyo. 
* Associate Professor of Internal Medicine. 
** Professor of Internal Medicine. 
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However, experimental studies of diencephalon on the regulation of renal 
circulation have scarcely been described. In the present experiments, the 
authors observed the changes in blood pressure and renal blood flow induced 
by direct stimulation of the diencephalon which was regarded as the higher 
autonomic center and tried to elucidate the significance of diencephalon in 
the regulation of renal circulation. 


METHODS 


Twenty-six adult mongrel dogs weighing 10~14 Kg. were used in the experi- 
ments. The dogs were anesthetized with the combination of morphine chloride 
§ mg. Kg.) with thiopental sodium (0.02Gm./Kg.), or the combination of chloralose 
70~100 mg./Kg.) with pentobarbital sodium (5~10 mg./Kg.). Bipolar concentric 
electrodes used in this study were insulated, thin, straight stainless steel wires of a 
diameter of 0.3 mm. with a bare tip of 0.8 mm. in length. They were placed in 
the brain accurately with an aid of the stereotaxic instrument, devised by the 
Institute of Brain Research, Faculty of Medicine, University of Tokyo. The electri- 
cal stimuli were rectangular voltage pulses; their duration was | msec. ; their fre- 
quency 100 cycles per second ; and their voltage 3 to 10 volts. Each stimulus was 
applied for approximately 30 seconds. The blood pressure was measured by 
means of an electromanometer connected to the cannulated femoral artery. The 
renal blood flow was measured by electromagnetic flow meter (tubing type) which 
was inserted in a circuit between the renal vein and the femoral vein. Therefore, 
the renal blood flow was equal to the blood volume flowing from the renal vein. 
The dogs were previously heparinized in order to inhibit the blood coagulation. 
Electrocardiogram was taken on the standard lead I and the intraatrial lead. In 
addition, the signs such as pupillary change, piloerection, convulsion, nystagmus, 
urination and defecation were studied, which accompanied the circulatory responses. 

The location of each point of the brain stimulated was determined through 
the histological examination. The brain of each dog was fixed in 10% formalin 
fora week. Later, frozen sections of 13~14 microns thickness were cut and stained 
with hematoxylin by Carazzi’s method. The diencephalon was divided into the 
thalamus, the hypothalamus and the subthalamus in this paper. The nuclei of 
the diencephalon were classified mainly according to the morphological studies 
on the diencephalon of carnivora by Rioch’) (1936). 


RESULTS 


In this study, the stimulation was given to 85 points in thalamus, 30 
points in hypothalamus and 8 points in the subthalamus. 

Changes in blood pressure and renal blood flow— 

Changes in blood pressure were accompanied by simultaneous changes 
in renal blood flow. The patterns of the responses were grossly divided into 
following three types. 

Type A. A rise in blood pressure and a decrease in renal blood flow 
(Fig. 1). 
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Type B. A fall in blood pressure and a decrease in renal blood flow 
(Fig. 2). 

Type C. Little or no change in either blood pressure or renal blood flow 
(Fig. 3). 

In type A response, coincident with the onset of stimulation, arterial 
pressure rose rapidly and renal blood flow declined remarkably, indicating a 
vasoconstrictor response in both “ renal vessels» and “ systemic peripheral 
vessels’. Stimulation of the following parts resulted sometimes in these 
responses ; that is, N. centralis medialis, N. medialis dorsalis, N. parafascicu- 
laris, centre médian, N. centralis lateralis, N. ventralis pars medialis et arcuata, 
N. reticularis and medial geniculate body in the thalamus and most of the 
hypothalamic and subthalamic nuclei. 

Type B response was in all 8 cases and was seen on the stimulation of 
N. suprageniculatum, Pulvinar pars posterior, N. ventralis pars medialis, and 
N. lateralis pars posterior in the thalamus, and that of medial preoptic area, 
N. hypothalamicus parvocellularis, N. hypothalamicus ventromedialis and 
dorsal hypothalamic area in the hypothalamus. 

Type C response was often seen on the stimulation of the ventral and 
lateral nuclei group, and geniculate bodies in the thalamus but such a response 
was hardly obtained upon the stimulation of the hypothalamus and sub- 
thalamus. 

There were a few exceptional cases which did not belong to any of these 
types. 

Tables I and II show summarized results of the experiment. 

Fig. 4 is a map which shows changes in blood pressure and renal blood 
flow yielded on the stimulation of the diencephalon. An increase in blood 
pressure and a decrease in renal blood flow were expressed as a ratio to the 
control level, and their degrees were divided into 3 grades. Increase of less 
than 20°, in pressor effects indicates slight elevation, 21 to 40°, moderate 
and over 41°, marked, while decrease of less than 20° in renal blood flow 
indicates slight diminution, 2] to 40°, moderate and over 41° marked. 
Depressor effects were not divided into any grade because their degrees of 
the change were slight. 

Changes in cardiac beat— 

During the stimulation, acceleration of the heart rate was accompanied 
usually by an increase in pressure but inhibition of the heart rate was also 
accompanied sometimes by it though the changes in cardiac rhythm were 
very minimal in the present experiment. Only 2 ventricular extrasystoles 
were elicited on the stimulation of N. hypothalamicus anterior and N. ventralis 
pars arcuata. Extrasystole with longer coupling period was observed upon 
the stimulation of the former. Beattie e¢ al.* (1930) reported cardiac 
arrhythmia caused by the stimulation of the posterior part of the wall of the 
third ventricle in cats under chloroform anesthesia. Ueda et al.1*)% (1959) 
reported various arrhythmias induced by the stimulation of the brain stem 
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Table I. Responses to Stimulation of the Thalamus 
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Stimulated site 


Anterior 
nuclei 
group 


Midline 
nuclei 
group 


Medial 
nuclei 
group 


Ventral 
nuclei 
group 


Lateral 
nuclei 
group 


Geniculate 
bodies 


N. anteromedialis 
N. anteroventralis 
N. centralis medialis 


N. paraventricularis 


N. commissuralis 
interventralis 


N. parataenialis 


N. medialis dorsalis 


N. parafascicularis 
N. paracentralis 
Centre médian 

N. centralis lateralis 


N. ventralis 
pars anterior 

N. ventralis 
pars medialis 

N. ventralis 
pars externa 


N. ventralis 
pars arcuata 


N. lateralis 

pars anterior 
N. lateralis 

pars intermedia 


N. lateralis 
pars posterior 
N. suprageniculatum 


Pulvinar 
pars posterior 


N. reticularis 


medial 


lateral 


No. 
of 
exp. 


l 


6 


l 


Type 
Pres- 
sure 


i) 


to 


i) 


bh 


A Type B Type C 


Pres- Pres- 


sure 


Flow Flo w 


little or no 
. . change 


l 


bho 


~s 


Other 
accompany ing 
signs 


none 
none 
Mydriasis (1) 
none 
none 
none 


Mydriasis (4) 
Convulsion (2) 
Piloerection (1) 


Whining (1) 
none 
none 

Mydriasis (1) 


Mydriasis (1) 


Mydriasis (1) 
Whining (1) 
Mydriasis (2) 
Whining (1) 
Myosis (2) 
Mydriasis (1) 
Convulsion (1) 
Apnea (1) 
Piloerection (1) 
Ventricular 
extrasystole (1) 


none 


none 


Mydriasis (1) 
Convulsion (1) 
Whining (2) 
Mydriasis (1) 
Whining (1) 


Mydriasis (1) 


Mydriasis (3) 
Convulsion (1) 
Myosis (2) 
Mydriasis (2) 
Piloerection (1) 
Exophthalmus( 1) 
Tachypnea (1) 
Mydriasis (1) 
Whining (1!) 
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Table II. Responses to Stimulation of the Hypothalamus 
and Subthalamus 
Type A Type B Type C 
No. -» Tne Other 
: ; >| Pres | «. Pres- Pres- » . 
Stimulated site of ‘ Flow : Flow Flow accompanying 
sure sure . 
exp. : signs 
little or 
no change 
Preoptic Medial preoptic area 3 2 none 
— Lateral preoptic area’ 2 l | Mydriasis (1) 
N. supraopticus l l Mydriasis (1) 
N. supraopticus | | oe 
diffusus 
—— Ventricular 
a2 — - mae 3 2 extrasystole (1) 
a: ansersos Convulsion (1) 
Anterior 
portion 5 : 
N. hypothalamicus l 
} ; none 
parvocellularis 
N. filiformis | | . 
° ° ° none 
principalis 
Anterior hypothala- 9 1 ia 
mic area 
Mydriasis (1) 
N. Periventricularis 3 3 Piloerection (1) 
Convulsion (3) 
Middle N. hypothalamicus 5 3 | Nystagmus (1) 
portion ventromedialis : Mydriasis (4) 
Dorsal hypothalamic 9 
. — none 
area 
Posterior yy, supramamnillaris 1 l Convulsion (1) 
portion 
Ls Mydriasis (3) 
vateral 9 ‘ wee 
; 4 2 2 Convulsion (1) 
Lateral hypothalamic area Tachypnea (1) 
portion . 
N. hypothalamicus " , Mydriasis (1) 
lateralis 
Tractus mamillo- 9 , I asia 
thalamicus 
Zona incerta 2 l Mydriasis (1) 
Subthala- 
mus Mydriasis (1) 
N. Subthalamicus 2 l Tachypnea (1) 
Convulsion (1) 
P Mydriasis (1) 
H, 2 Piloerection (1) 
Note: The number in (_) indicates the incidence of each sign. 
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Fig. +. Drawings of frontal sections of the brain of the dog showing the location 


of stimulated points. Vasomotor effects on the right side of each section, changes 
in renal blood flow on the left side. Marks are as follows. 
Renal blood flow Blood pressure 
41-100°,) marked decrease 7 marked rise (more than 41°% to control level) 
21-4094) moderate decrease @ moderate rise (21-40%) 


(less than 20°) slight decrease + _ slight rise (less than 20°) 


no change no change 
fall 
The abbreviations used in this illustration are: A, N. anterior; Ca, Commissura 


anterior; CL, N. centralis lateralis; CM, N. centralis medialis; CP, Pedunculus 
corporis; F, Fornix; GP, Globus pallidus; Gld, Lateral geniculate body; H, 
Habenula; H,, H, field of Forel; Ha, N. hypothalamicus anterior; Hd, Dorsal 
hypothalamic area; HL, Lateral hypothalamic area; Hvm, N. hypothalamicus 
ventromedialis; L, N. lateralis; LPA, Lateral preoptic area; MD, N. medialis 
dorsalis; MFB, Medial forebrain bundle; Mm, Medial mamillary nucleus; 
MPA, Medial preoptic area; NC, N. caudatus; NCM, N. centralis medialis ; 
P, Pulvinar; Pp, Pulvinar pars posterior; SN, Substantia nigra; V, N. ventralis ; 
ZI, Zona incerta; IV, Fourth ventricle. 
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in dogs under chloralose or morphine chloride anesthesia. On the other 
hand, Inada?” observed that extrasystoles caused by stimulation of the ven- 
tricle wall under chloralose anesthesia disappeared by the use of the anesthetics 
of brain stem. It would be due to the use of thalamic or truncal hypnotics 
that the effect on the heart rate, caused by the stimulation of diencephalon, 
was surprisingly small in our experiments. 

Other associated signs— 

Visceral and somatic signs such as mydriasis, piloerection, convulsion, 
yelping and whining occurred mainly with pressor responses. Horizontal 
nystagmus was observed on the stimulation of N. hypothalamicus ventromedi- 
alis. The stimulation of N. ventralis pars arcuata and geniculate bodies 
produced various signs such as myosis and mydriasis, piloerection, accelera- 
tion or inhibition of respiration, exophthalmus and convulsion. Urination 
and defecation were scarcely seen. 

Changes in the pressure and the flow with alterations of the condition of stimulation— 

Intensity of stimulus: When the frequency of the stimulation was con- 
stant and the voltage was increased from 3 to 10 volts, a rise in the pressure 
and a decrease in the renal blood flow were parallel to an increase in the 
voltage (Fig. 5). 
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Fig. 5. Changes in the pressure and the flow with alterations of intensity. The 
nuclei stimulated are as follows. 
N. supraopticus 
N. periventricularis 
Anterior hypothalamic area 
* @ N. medialis dorsalis 
A A N. ventralis pars arcuata 


Frequency of stimulus: When the voltage of the stimulation was constant 
and the frequency was increased from 5 to 50 cps, a rise in the pressure and 
a decrease in the renal blood flow paralleled grossly with an increase in the 
frequency. However, when the frequency was increased from 50 to 100 cps, 
changes in the pressure and the flow were not parallel to changes in the fre- 
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Fig. 6. Changes in the pressure and the flow with alterations of frequency. 
The nuclei stimulated are as follows. 
N. supraopticus 
Anterior hypothalamic area 
N. hypothalamicus ventromedialis 
* @ N. ventralis pars arcuata 
A A N. reticularis 


quency and the responses of the similar degree were noted (Fig. 6). The 
pattern of blood pressure response was not reversed by changing the frequency 
of stimulation to the diencephalon in the present study, though Pitts ef al.,” 
Hare ef al.’ and Berry et al.!" reported the reversal. 


Discussion 


From the experiments of Ranson ef al.,) Hess!*) and other investiga- 
tors,*’~7)»-13),15)-19) it has been known that the stimulation of diencephalon 
resulted in marked changes in autonomic functions. In our experiment, 
upon the stimulation of the diencephalon the alterations of the blood pressure 
and other autonomic functions were produced in association with a definite 
changes in the renal blood flow. 

Changes in blood pressure— 

Pressor responses in the thalamus were mainly seen on stimulation of 
N. centralis medialis, N. parafascicularis, centre médian and N. reticularis 
that belonged to the diffuse thalamic projection system on neurophysiology. 
In ventral nuclei group and geniculate bodies that belonged to cortical relay 
nuclei and lateral nuclei group which is included in association nuclei, little 
or no changes in circulatory functions were observed except for a part of the 
nuclei. Our results are not in complete agreement with those of Ueda et al.'” 
(1959). ‘This is thought to be due to the difference of anesthetics and stimula- 
tion intensity. 


Marked pressor responses in the hypothalamus were partly obtained 
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upon the stimulation of middle, anterior and lateral portion and depressor 
responses were obtained on the stimulation of preoptic area, anterior and middle 
portion. These results are grossly in accord with those of Ranson et al. It 
was reported by Greving®” and Shinozaki*®) that the subthalamus had some 
connection with autonomic functions. In our study, marked pressor re- 
sponses were obtained in considerable frequencies upon the stimulation of 
these areas. In this experiment, many pressor reactions were obtained and 
yet little depressor reactions were observed. An attempt is to be made to 
produce more parasympathetic reactions by the use of sympathetic anesthetics 
such as ergotamine in the future study. 

Changes in renal blood flow— 

A decrease in renal blood flow was usually associated with a rise in 
arterial blood pressure in this experiment. The decrease in renal blood 
flow was attributed to the increase in the renal vascular resistance (R.V.R.) 


R.V.R. 


of 





Increasing Rate 


The 





20} 


Fig. 7. Changes in renal vascular resistance for 30 seconds during stimulation 
in 7 locations where a decrease in the renal blood flow was associated with a fall 
in the arterial blood pressure. 7 nuclei are as follows. 

1) N. hypothalamicus ventromedialis 

2) N. ventralis pars medialis 

3) Dorsal hypothalamic area 

4) N. suprageniculatum 

5) Medial preoptic area 

6) N. hypothalamicus parvocellularis 
7) Pulvinar pars posterior 
Renal vascular resistance (R.V.R.) was calculated from the following formula: 

R.V.R.—_mean blood pressure (mm.Hg) 
renal blood flow (ml./min.) 


(mean blood pressure=minimum blood pressure + - +pulse pressure) 


Standard deviation of error=+11% 
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resulting from the renal vasoconstriction coincided with the systemic peripheral 
vasoconstriction. 

The same responses were occasionally seen in association with a fall 
in the systemic arterial pressure. All values of R.V.R. in such seven cases 
were calculated per 5 seconds after the onset of stimulation. Fig. 7 shows 
the changes in the increasing rate of R.V.R. for 30 seconds during the stimula- 
tion. In 5 of 7 such cases, the renal vascular resistance showed a larger value 
than that before the stimulation. The decrease in R.V.R. in the remaining 
2 cases was so slight that it was considered not significant. ‘Therefore, it was 
believed that the renal blood vessel induced no or slight constriction. The 
presence of vasodilator nerve in the kidney has not been confirmed up to 
date. In the present experiment, an increase in the renal blood flow ac- 
companied by an apparent decrease in renal vascular resistance was not 
observed in any instance. Therefore, no obvious findings were obtained 
which suggested the presence of renal vasodilator nerve in these areas. 

Since no changes in the renal blood flow occurred at constant blood 
pressure during the stimulation, it seems that nerves which effect only on 
the renal blood vessel are not present in the diencephalon. 

In addition to the innervation above mentioned, it also should be con- 
sidered that changes in the renal blood flow might be responsible, in part, 
for the *‘ autonomous control ’***)-?8) of the blood flow in the kidney. This 
matter should be investigated further in the future. 


SUMMARY 


To elucidate the significance of diencephalon in the regulation of renal 
circulation, changes in arterial blood pressure and renal blood flow were 
observed during electrical stimulation of the diencephalon of dogs and the 
results were as follows: 

1) The stimulation of the medial and midline nuclei group in the 
thalamus and most of the hypothalamic and subthalamic nuclei mainly re- 
sulted in an increase in the arterial blood pressure and a decrease in the 
renal blood flow. The decrease in renal blood flow was attributed to renal 
vasoconstriction. 

2) The stimulation of the ventral and lateral nuclei group in the thala- 
mus, the preoptic area and anterior and middle portion in the hypothalamus 
partly resulted in a fall in blood pressure and a decrease in renal blood flow. 
In these cases, it was believed that the renal blood vessel induced practically 
no or slight constriction. 

3) On stimulation of the geniculate bodies, the ventral and lateral 
nuclei group, there often occurred little or no change in circulatory re- 
sponses. 

4) It seems that nerves which effect only on the renal blood vessel are 
not present in the diencephalon because no changes in renal blood flow oc- 
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curred at constant blood pressure during stimulation. 

5) No obvious finding was obtained that suggested the presence of 
vasodilator nerve in the kidney. 
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Clinical Evaluation of KK-25-S 
A New Ganglionic Blocking Agent 


Eiichi KIMURA, M.D.,* Hiroshi HANNYA, M.D., 
Koji YAHATA, M.D., and Kiyoto SATAKE, M.D.** 


Preliminary clinical observations are presented on the hypotensive 
effect of KK-25-S (N-dimethylaminopropyl-4, 7-endoethylene-4, 7, 8, 3- 
tetrahydro-4, 7-ethanoisoindoline), a newly synthesized ganglionic block- 
ing agent. A significant response was obtained in 12 of 25 hypertensive 
cases (48°) treated with KK-25-S alone. Addition of reserpine resulted 
in a more favorable response, 18 of 21 cases (86°) treated with the 
combined therapy showing satisfactory hypotensive effect without devel- 
opment of significant tolerance to KK-25-S. The incidence of side 
effects, especially of constipation and orthostatic hypotension was less 
than that with other available ganglionic blocking agents. The encour- 
aging results obtained here warrant further investigation of this drug. 


y recent years a wide variety of potent compound for the treatment of 


essential hypertension has been developed. Unfortunately none of these 
drugs is yet unequivocally effective and the quest for the better hypotensive 
drugs is still continued. KK-25-S is a newly synthesized ganglionic blocking 
compound, pharmacological properties of which have been already reported.” 

The purpose of this report is to evaluate the clinical effects of the drug 
upon the essential hypertension, with special reference to the dosage, hypo- 
tensive effect and side effects of this drug alone and/or in combination with 
other hypotensive agent, especially with Rauwolfia preparation. 


MATERIAL AND METHODS 


Twenty-nine patients with essential hypertension were the subjects for this 
study (Table 1). Sixteen were male and 13 were female. Their ages were ranged 
from 19 to 75 years with a mean of 55.9. None of them had any significant associ- 
ated diseases such as diabetes, angina pectoris or residual hemiparesis as a result 
of a previous cerebral vascular accident. 

Of the 29 patients 25 were started on the treatment with KK-25-S alone. 
Before the treatment they were observed for at least 2 weeks under routine everyday 
life and regular diet. During this period placebo was given, and their control 
blood pressures were determined. 

Twenty-one patients received KK-25-S in combination with Rauwolfia prep- 
aration (reserpine), in whom satisfactory hypotensive effect of KK-25-S alone 
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had not been obtained or side effect had been too severe to manintain a effective 
dose of the drug. Four patients were initially started on the combined treatment. 

Most of the patients treated had a control blood pressure above 190 mm. Hg 
in systolic and above 90 mm. Hg in diastolic. 

KK-25-S was given initially in 3 doses of 10 to 20 mg. after each meal since 
hypotensive effect of this drug was maintained for about 6 to 7 hours with a 
maximum effect at 4 hours after the administration when the dose of 20 mg. was 
given orally. As with other ganglionic blocking drugs tolerance to KK-25-S 
developed in most of the cases treated with this drug alone. It occurred usually 
one to 2 weeks following the initiation of the drug. Therefore, it was necessary 
to increase daily dose by 10 to 15 mg., whenever the development of the tolerance 


Table I. Clinical Data on Hypertensive Patients 
Treated with KK-25-S 





Cas on aa hits sey Retinal RBF Blood pressure response to 
No. pressure change 70 KK-25-S KK-25-S & reserpine 
l A. 3. m 53 195/108 1+ - + + 
2 S. A, m. 73 184/92 1+ 
3 S. S. m. 73 210/110 1+ 90 b+ aan 
t O. M. f, 57 198/95 1+ ++ 
5 H. M. m. 49 204/122 2+ 26 + 
6 A.M. f. 66 192/108 2+ + 
7 S. O. f. 65 210/70 2+ 85 ae 
8 I. S. m. 71 220/108 2+ + 
9 ¥.&. m. 70 210/118 2+ + 
10 r. S. m. 57 195/120 2+ ++ 
1] H. O. m. 54 198/120 2+ t- 
12 z. i. m. 66 210/94 2+ 88 ~ ++ 
13 H. M. f. 59 178/80 2+ 81 s+ oo 
14 K.N. f. 59 195/115 2+ ++ + +4 
15 K. H. f. 47 210/100 2+ ++ 1. 4. 
16 K. S. f. 64 202/118 2+ 60 ~ + 
17 A. S. f. 51 210/95 2+ ++ 
18 S. T. m, 63 218/115 2+ {+ 
19 r. A. m. 56 218/95 2+ ~ +- + 
20 K. K. f. 48 212/116 2+ - - 
21 T. M. f. 75 202/95 3+ 45 - — 
22 S.K f. 47 188/96 3+ - ++ 
23 i m. 75 200/100 3+ + + 
24 A. K, m. 69 198/100 3+ ++ ++ 
25 rs m. 52 218/112 3+ - ~ 
26 S. I. m, 68 193/78 3+ ++ 
27 M. T. m. 28 205/110 4+ 25 - — 
28 S. S. f, 26 190/98 44 28 — 


29 S. T. f. 19 198/130 4+ ++ 
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was suggestive. 
Blood pressure response was graded from | plus (-+-) to 2 plus (++). Lowering 
of systolic pressure within 10mm. Hg was considered non-effective. One plus 
represents lowering of blood pressure 10 to 20 mm. Hg and 2 plus (++) means 
beyond 21 mm. Hg. 


RESULTS 


Effect on Blood Pressure— 

Blood pressure response to KK-25-S alone and in combination with re- 
serpine in each patient was presented in Table I. Of 25 patients treated with 
KK-25-S alone, 13 were non-effective, 4 showed one plus effect and 8 showed 
2 plus effect, while of 21 cases treated with the combined therapy 4 were non- 
effective, 2 had one plus effect and 15 had 2 plus effect. It should be noted 
that satisfactory effect was obtained with the combined therapy in 8 patients 
who did not respond to KK-25-S alone. These results suggest that KK-25-S 
is more effective when combined with reserpine. 

Table II shows blood pressure response to KK-25-S alone in relation to 
retinal changes of the patients classified by Keith-Wagener’s criteria. In 


Table II. Relation of Blood Pressure Response to Retinal Changes 
in the Group Treated with KK-25-S Alone 





Blood pressure response % of 
Total improved 
mn be 4 cases 
o 1+ 2 0 2 4 50 
0 
S 2+ 4 4 5 13 69 
3 3+ 5 0 1 6 17 
S 4+ 2 0 0 2 0 
Total 13 + 8 25 


Table III. Relation of Blood Pressure Response to Retinal Changes 
in the Group Treated with KK-25-S and Reserpine 





Blood pressure response % of 
Total improved 
+ ++ cases 
So 1+ 0 0 2 2 100 
» 
S 2+ l 2 8 11 99 
3 3+ 2 0 4 6 66 
Z 44 1 0 2 50 


Total + 2 15 21 
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general, the less the retinal changes, the better the hypotensive effect of KK- 
95-S seems to be obtained. This tendency was observed also in cases treated 
with the combined therapy (Table III). 

Table IV and V represent blood pressure response in relation to the renal 
blood flow (RBF) of the patients. In cases with RBF over 70% of normal 
level, all was responsive both to KK-25-S alone and to the combined therapy. 
Cases with RBF less than 70°, of normal level did not respond to KK-25-S 
alone, but some of them became responsive after the combined therapy was 
introduced. 


Table IV. Relation of Blood Pressure Response to Renal Blood 
Flow in the Group Treated with KK-25-S Alone 





Blood pressure response 


— 4. +. 


over 70% 0 l 3 

x 50 to 70°% ] 0 0 
~ 30 to 50% 0 0 
less than 30°% 3 0 0 


Table V. Relation of Blood Pressure Response to Renal Blood 
Flow in the Group Treated with KK-25-S and Reserpine 





Blood pressure response 


over 70% 0 0 3 

= 50 to 70% 0 l 0 
~ 30 to 50% l 0 0 
less than 30% ] 0 ] 


Table VI represents the relationship between the doses of KK-25-S and 
reserpine and retinal changes of the patients who responded to the combined 


Table VI. Relationship between the Doses of KK-25-S and Reserpine and 
Retinal Changes of the Patients Who Responded to the Combined Therapy 





KK-25-S 20 to 25 mg. 30 to 35 mg. 40 to 45 mg. 50 mg. 
x3 x 3 x3 x3 
Reserpine 0.3 to 0.6 mg. 0.4to0.7mg. 0.5 to 0.8 mg. 0.6 to 0.9 mg. 
© 1+ ] l 0 0 
4 
S 2+ l l 6 0 
S 34+ I 0 3 I 
~ 4+ I 0 I 0 
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therapy. In general, the more severe the retinal changes, the more dosage 
of the drugs were required in order to obtain satisfactory hypotensive effect, 
Side E ffects— 

Incidence of side effects in the single and combined thereapy were 
tabulated in Table VII and VIII. In cases treated with KK-25-S alone 


Table VII. Incidence of Side Effects in Treatment 
with KK-25-S Alone 





Side effect 20 mg. x 3 30 mg. « 3 40 mg. x 3 
Blurring of vision 0/25 1/25 16/18 
Constipation 0/25 0/25 2/18 
Dryness of mouth 0/25 1/25 0/18 
Flush on the face 0/25 1/25 0/18 
Orthostatic hypotension 0/25 0/25 0/18 


Table VIII. Incidence of Side Effects in Combined Therapy 
with KK-25-S and Reserpine 





Side effect 


Blurring of vision 11/21 
Constipation 1/21 
Dryness of mouth 1/21 
Orthostatic hypotension 1/21 
Diarrhea 3/21 
Fatigued feeling 7/21 
Headache 1/21 


blurring of vision was noticed as the main side effect, which was experienced 
in 17 of 25 patients (68°,,)._ Although the incidence was comparatively high, 
it was observed mainly in the cases receiving over 40 mg. 3 times a day. 
Constipation was seen in only 2 cases receiving over 40 mg. of the drug, the 
incidence of which was much lower than that with other ganglionic blocking 
drugs. When the dosage was 30 mg. 3 times a day, blurring of vision, dryness 
of mouth and flush on the face were experienced in only one case and no side 
effects were seen in the treatment with 20 mg. 3 times a day. It should be 
noted that orthostatic hypotension, one of the most unfavorable and frequent 
side effect of other ganglionic blocking drugs, have never been observed in 
this series. 

Also in cases treated with the combined therapy, blurring of vision was 
the most common side effect, which was experienced in 11 of 21 cases (52%). 

Seven cases were annoyed by fatigued feeling. Though this is a com- 
mon complaint of the patients receiving Rauwolfia preparations, we felt that 
this side effect was more severe in the combined treatment of KK-25-S and 
reserpine than in the treatment with Rauwolfia preparation alone. Con- 
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stipation was seen in only one case, while diarrhea occurred in 3. Headache 
and dryness of mouth were seen in one case respectively. Orthostatic hypo- 
tension, incidence of which was low also in this series, was observed in only 
one case. 

These side effects usually disappeared or became insignificant after a 
short period of adjustment of the dosage or of cessation of the treatment. 
Case Histortes— 

The following cases illustrate the use of KK-25-S alone and / or in com- 
bination with reserpine. 

Case 4. (Fig. 1) A 57-year-old female treated with KK-25-S alone. 
Although prompt response to the drug in 3 doses of 10 mg. a day was observed, 
some tolerance developed about 10 days after the initiation. Increasing the 
doses up to 20 mg. 3 times a day hypotensive effect was satisfactory. 


O.M. female, age 57 
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Fig. 1. Case 4. Development of tolerance overcome by increased dose. 
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Fig. 2. Case 10. Remarkable response to KK-25-S. 
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Fig. 3. Case 24. Development of tolerance. Blood pressure control achieved 


by gradual increase of KK-25-S. 
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Fig. 4. Case 26. No effect of Rauwolfia preparation alone. Blood pressure 


control achieved by combination of KK-25-S and reserpine. 


Case 10. (Fig. 2) A 57-year-old male treated with KK-25-S alone. 
Remarkable response was observed after initiation of the drug in 3 doses of 
10 mg. a day. After one week the dosage was increased to 15 mg. 3 times a 
day. Normotensive level was maintained without development of any 
tolerance. 

Case 24. (Fig. 3) A 69-year-old male treated with KK-25-S alone. 
Because of the development of tolerance the dosage had to be increased gradu- 
ally from 15 mg. 3 times a day to 35 mg. 3 times a day in order to maintain 
a satisfactory hypotensive effect. 








Vel. CLINICAL EVALUATION OF KK-25-S 307 
0. 


Case 26. (Fig. 4) A 68-year-old male. He had been treated for es- 
sential hypertension with Rauwolfia preparation alone without significant 
effect. After initiation of combined therapy with KK-25-S and _ reserpine 
normotensive levels were achieved without development of any tolerance. 


DIscussION 


It is apparent from these observations that KK-25-S possesses a significant 
blood pressure lowering effect. ‘This effect occurs in a high percentage of 
cases especially when the drug is given with Rauwolfia preparation (reserpine). 
Although tolerance was often seen during the treatment of KK-25-S alone, 
the incidence of development of tolerance became lower when combined with 
reserpine. 

Of side effects the incidence of blurring of vision is relatively high, but 

this is not so troublesome as to necessitate withdrawal of the medication except 
in a few cases. Constipation, the most frequent side effect of other ganglionic 
blocking agents,?”*) is observed in only 2 cases receiving higher doses of KK- 
25-S. It is noteworthy that orthostatic hypotension, which is often seen 
during the treatment with other ganglionic blocking agents,?”*®) is experienced 
in only one case treated with the combined therapy. Although fatigued feel- 
ing, a relatively common complaint of patients treated with combined therapy 
of KK-25-S and reserpine, is thought to be due to effect of reserpine, the 
incidence of this side effect is higher than in the treatment with Rauwolfia 
preparation alone. ‘This leads us to suggest that KK-25-S may act not only 
through its ganglionic blocking effect but also through central action. In 
general, the incidence and severity of side effects of KK-25-S appeared to be 
less than those with other ganglionic blocking agents. 
Dosage of KK-25-S cannot always be standardized uniformly. It must 
be determined case by case. It would be desirable that doses less than 30 mg. 
3 times a day will eliminate or minimize side effects without losing its hypo- 
tensive effect. This is particularly true when the drug is given in combination 
with reserpine. 





SUMMARY 


KK-25-S, a new ganglionic blocking drug, was tested in 29 patients with 
hypertension. The drug produced a significant response especially when 
combined with reserpine. The incidence of side effects, except the blurred 
vision, is less than that with other available ganglionic blocking agents. 
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Treatment of Hypertension with KK-25-S, a New 
Potent Ganglionic Blocking Agent 


Jugoro TAKEUCHI, M.D.,* Tadanao TAKEDA, M.D., 
Koji NAKAJIMA, M.D., Takao IKEDA, M.D., 
Eiichi UCHIDA, M.D., Shigeru YAGI, M.D., 

Shosaku NAKAYAMA, M.D., and Hideo UEDA, M.D.** 


Antihypertensive effect of KK-25-S, a new potent ganglionic block- 
ing agent, was evaluated in patients with moderate to severe essential 
hypertension. In 7 subjects, hypotensive responses after single oral 
dose were tested. Significant blood pressure reduction occurred within 
one or 2 hours after the administration of the drug and persisted for 4 
hours or more. Thirty-two patients were treated with KK-25-S for 
periods of 2 to 29 weeks. Seven of 9 patients treated with KK-25-S 
alone failed to maintain significant hypotensive effect, whereas in 20 
of 26 patients who received KK-25-S combined with other hypotensive 
drugs, significant blood pressure reduction was maintained throughout 
the treatment. Side-effects of the drug due to parasympathetic blockade 
were seen but readily controlled. Postural hypotension was relatively 
infrequent and slight in degree. Comparative studies on hypotensive 
potencies were made among different ganglionic blocking agents. It 
is concluded that KK-25-S is a potent hypotensive drug and is useful 
for the treatment of hypertension. 


INCE the introduction of hexamethonium” and pentolinium?? into the 
S clinical use for the treatment of hypertention, various potent antihyper- 
tensive drugs, including several ganglionic blocking agents, have been de- 
veloped and their therapeutic values have been widely recognized. 

A new ganglionic blocking agent, provisionally named KK-25-S, which 
is one of the bis-quaternary salts containing a bicyclo-(2, 2, 2)-octane ring, 
was synthetized in Japan, and experimental data on its excellent pharmaco- 


logic properties have been published recently.*) The chemical structure of 


the drug is, as shown below, 2-(3-dimethylaminopropyl)-3a, 4, 7, 7a-tetra- 
hydro-4, 7-ethanoisoindoline dimethoiodide. 


N-(CH,), NCH 2CHal 
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The present study concerns our clinical trials of KK-25-S for the treat- 
ment of hypertensive cardiovascular disease. Hypotensive responses after 
single oral dose to 7 hypertensive subjects were estimated, and effectiveness 
of the drug in continuous treatment was evaluated in 32 patients with moder- 
ate to severe essential hypertention. In some of these patients, the hypo- 
tensive potency of the drug was compared quantitatively with those of other 
ganglioplegic agents. 


MATERIALS AND METHODS 


Single oral dose of KK-25-S was administered to 7 hypertensive subjects. 
Before starting the test, patients were kept in bed for at least half an hour until 
appropriately stable conditions were attained. Blood pressure readings were made 
both in recumbent and sitting position every 10 to 60 minutes after ingestion of the 
drug. In 3 of the 7 patients, the tests were repeated with sufficient intervals so 
that observations were made 11 times in total. Dosage given ranged from 5 mg. 
to40 mg. Patients were regarded as having shown significant hypotensive responses 
when their blood pressure reduction exceeded 20/10 mm. Hg. 

Thirty-two patients, 14 males and 18 females, with moderate to severe essential 
hypertention were treated with KK-25-S continuously for periods of 2 to 29 weeks ; 
duration of the treatment averaged 7.9 weeks. Their ages varied from 22 to 72 
years old, with a mean of 52.4. Their initial blood pressures were greater than 
180/100 mm.Hg except in one juvenile hypertensive case. In 6 patients, treat- 
ment was started during hospitalization, and 26 were out-patients in our hyper- 
tensive clinic. 

Control blood pressure was determined when a patient had achieved a stable 
blood pressure level with low salt diet and full sedation. 

Initial dosage was started with 15 to 20mg. of KK-25-S daily, which was 
gradually increased at weekly intervals according to patient’s responses. The drug 
was given in 3 or 4 divided doses in most patients. 

In 9 patients, treatment was begun with KK-25-S alone; in 3 of them other 
hypotensive drugs were combined later. In 23 patients who had been under 
treatment with various antihypertensive drugs, KK-25-S was added to the regimen. 
Rauwolfia alkaloids were used in all of these 26 patients with combined therapy. 
Fourteen patients were given hydralazine. Chlorothiazide was given in 2 cases, 
flumethiazide in one, hydrochlorothiazide in one, and benzydroflumethiazide in 
6 patients. Four patients received Rauwolfia, hydralazine and one of those benzo- 
thiadiazine derivatives simultaneously combined with KK-25-S. 

Twelve patients had been receiving other ganglionic blocking agents which 
were withdrawn and replaced by KK-25-S; in 14 patients KK-25-S was later 
replaced by other ganglionic blocking agents. Clinical potencies of different 
drugs were thereby compared with each other according to the daily require- 
ments necessary to achieve similar degree of hypotensive effect in the same patient. 

In patients treated with KK-25-S alone, hypotensive effect was regarded as 
sufficient when blood pressure was lowered continuously more than 20/10 mm. Hg 
below the control level or when it was maintained at a normotensive level. In 
patients with combined therapy, treatment was considered as effective when addi- 
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tional blood pressure reduction was achieved and/or when other drugs could be 
reduced with satisfactory hypotensive effect maintained successfully. 


RESULTS 


A) Single Dose of the Oral Administration 

Data on single oral dose in 7 patients are listed in Table I. Effective 
hypotensive responses were obtained in 5 of the 11 observations. In these 
cases, blood pressure began to decrease apparently within one or 2 hours 
after the administration of the drug ; it remained at a significantly hypotensive 


Table I. Blood Pressure Response after Single Oral Dose 











S3$iz £28 E » 2 
SB3e B83 g 8 38 
Patients Age Sex Doses @ ‘ 5 Sa 3 3 Ss 5 % S38 
meg. = = a 2 = ie 3 zv 3 3 & ‘ 
M. I. 42 F 15 10/5 
40 unchanged weakness 
M.O. 13 M 5 12/4 (22/2) (2° 10’) (4° 10) 
N. K. 63 F 15 unchanged 
30 unchanged blurring of 
H.K. 69 F 30 62/24 2° 10° 23 vielen 
C.N. 73 F 15 32/12 (30/16) 1° 10’ 4° 30’ 
20 36/34 <F 
S. E. 22 F 5 32/14(34/16) 1° 20’ 4° 10’ 
15 28/18 (48/20) 4 >6 + 
i A 67 M 30 «=: 30/4. (22/4) 30’ 6° b 


level for 4 to 23 hours; maximal blood pressure reduction appeared to occur 
1'/, to 7 hours after ingestion of KK-25-S. Individual responsiveness to the 
drug varied considerably from one patient to another. In one patient blood 
pressure decreased well with 5 mg. of KK-25-S, whereas another patient 
showed no significant blood pressure change even after as much as 40 mg. 
Three patients revealed good responsiveness to the drug but others did not 
show any appreciable responses. There was no significant difference as to 
the severity of hypertention between ones who responded well and not. 
Postural differences of decreased blood pressure were found to be rela- 


tively small. One patient who received 30 mg. of KK-25-S complained of 


blurring of vision, and another patient experienced a feeling of weakness 
after 40 mg. of the drug, although no blood pressure reduction was recogniza- 
ble in these 2 patients. In Fig. 1, a case with a good blood pressure response 
after single oral dose of 15 mg. of KK-25-S is presented. In this case, it was 




















ba TREATMENT OF HYPERTENSION WITH KK-25-S 311 


1 15mg. of KK—25-—S ———o sitting 
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Fig. 1. Blood pressure reduction after 15 mg. of oral KK-25-S in case C.N. 


Table II. Results of the Prolonged Treatment with Oral KK-25-S 





No. of patients a , Duration of 
Percentage of Dosage 4 
oF : ae effective cases mg. per day — 
Total Effective Not effective : ; ‘ ' wks. 
Group | 9 2 7 1] 30—150 2—13 
GroupII 26 20 6 77 15—160 2—29 


(average in ef- 
fective cases 62.5) 


demonstrated that postural change in blood pressure was not remarkable. 
B) Continuous Treatment with KK-25-S 

Results of the prolonged treatment with continuous oral KK-25-S were 
summarized in Table II. 

Effect on Blood Pressure : 

When treated with KK-25-S alone (Group I), significant blood pressure 
reduction could be maintained effectively in only 2 of 9 patients. On the other 
hand, when KK-25-S was combined with other hypotensive drugs (Group 
II), 20 of 26 patients showed good hypotensive responses which were main- 
tained well throughout the observed periods. Thus the percentage of cases 
in which effective blood pressure control was successfully maintained was 
much greater in the latter group (77 per cent vs. 11 per cent). In Group 
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I, daily dosage of KK-25-S ranged from 30 to 150mg.; in 2 cases whose 


blood pressure was effectively controlled, the drug was given in amount of 


30 mg. and 60 mg. per day respectively. In Group II, daily requirements 
of KK-25-S were in the range of 15 to 160 mg.; an average in effective cases 
was 62.5 mg. Amounts of drugs given in combination with KK-25-S are 


listed in Table III. 


Table III. Drugs Given in Combination with KK-25-S 





Sg a re : : Dosage 
Drugs combined with KK-25-S No. of patients 8 
mg. per day 


Rauwolfia alkaloids 
Reserpine 21 0.5—1.0 
Alseroxylon ) 4—8 


Benzothiadiazine compounds 


Chlorothiazide 2 250—500 
Flumethiazide | 500 
Hydrochlorothiazide l 75 
Benzydroflumethiazide 6 2.5—10 
Hydralazine 14 50—250 


Side-E fects : 

Side-effects seen during prolonged treatment with KK-25-S are listed 
in Table IV. Most of them seemed to be due to parasympathetic blockade. 
Constipation was encountered in 6 patients (3 in Group I and 3 in Group 
II), which was most frequent but was readily relieved with the aid of laxatives. 
Blurring of vision due to impaired accommodation and mydriasis was seen in 


Table IV. Side-Effects in Patients Treated with KK-25-S 





Dosage of KK-25-S 


No. of patients ; 
mg. per day 


Group I Constipation 3 60—150 
Constipation 3 30— 90 
Blurring of 
vision F 45— 90 
Diarrhea 2 90—120 
Dryness of the 
mouth l 75 
jo w Postural 
—— hypotension 2 75— 90 
Dizziness ] 90 
Headache | 45 


Transient 
disturbance of l 30 
consciousness 
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2 patients, diarrhea in 2, dryness of the mouth in one, and headache in one. 
Marked postural hypotension was seen in only 2 patients, one of whom com- 
plained of dizziness at the same time. One patient had an episode of transient 
disturbance of consciousness while taking the drug at home. Whether this 
should be attributed to the drug or not was unknown.  Side-effects dis- 
appeared rapidly when the drug was withdrawn or dosage was decreased. 

Development of Drug Tolerance : 

The development of tolerance was observed in 3 cases of Group I and 
in 3 of Group II. In these patients blood pressure which had once come 
down with KK-25-S was again elevated and requirement of the drug icreased. 
The tolerance appeared to develop within 2 to 4 weeks after initiation of the 
treatment. 

Severity of the Disease and Efficacy of the Drug: 

As shown in Table V, effectiveness appeared to be greater in cases with 
retinal findings of Grade | and smaller in cases of Grade 3 according to the 
classification of Keith and Wagener.” 


Table V. Retinal Findings and Efficacy of KK-25-S 





No. of patients 
Retinal findings 


Effective Not effective Total 
Grade 1 3 0 3 
Grade 2 12 6 18 
Grade 3 3 5 8 
Total 18 11 29 


Table VI. Renal Function and Efficacy of KK-25-S 





No. of patients 


Effective Not effective Total 

Normal . : 

—_ (>600 ml./min.) ° ’ “ 

Subnormal 

(<600 ml./min.) ‘ . ° 

Normal 5 5 10 
GFR (>60 ml./min.) ; 
Subnormal “ ‘ 

5 ) 10 


(<60 ml./min.) 


In 20 patients in whom renal function tests were performed by means 
of PAH clearance and endogenous creatinine clearance methods, no differ- 
ence was observed with regard to efficacies among the patients with normal 
and subnormal renal function (Table VI). 
Comparison with Other Ganglionic Blocking Agents : 
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Hypotensive potencies of different ganglionic blocking agents were com- 
pared with that of KK-25-S in regard to daily dosage required to maintain 
comparable blood pressure reduction. For this purpose, patients were treated 
with KK-25-S and other drugs alternatively. Results were summarized in 


Table VII. 


Table VII. Comparison of Daily Requirements of 
Different Ganglionic Blocking Agents 





Dosage required for 


Ganglionic blocking : - Dosage of ; k - KK-25-S equivalent to 
agents compared with No. o KK-25-S — degree of 1 mg. of the drug 
pegs Saget patients hypotensive _ effect 
KK-25-S mg. per day ' ; mg. (average) 
mg. per day 
Hexamethonium + 30—75 200— 1,000 0.03—0.23 (0.12) 
Pentolinium 8 45—120 50—200 0.4 —1.0 (0.76) 
rrimethidinium 
methosulfate 3 15—75 30—60 0.5 5s os 
Pempidine 8 15—140 2.5—10 6. 20. (12.1) 


Mecamylamine 


bo 
wn 
w 


10 9. 15. (12.0) 


Daily requirements of KK-25-S were compared with those of hexame- 
thonium in 4 patients. Amounts of KK-25-S equivalent to 1,000 mg. of 
hexamethonium were observed to be within a range of 30 to 230 mg., with 
an average of 120 mg. Amounts of KK-25-S equivalent to 10 mg. of pentoli- 
nium estimated in 8 patients were found to be ranged from 4 to 10 mg.,, 
averaging 7.6 mg. Amounts of KK-25-S necessary for maintaining approxi- 
mately the same degree of blood pressure reduction with 10 mg. of trimethidi- 
nium were 5 to 15 mg. in 3 patients, and the mean was 10 mg. Equivalency 
of KK-25-S to pempidine was attempted to determine in || patients, and in 
8 of them comparable blood pressure reduction was achieved. In these com- 
parable cases, it was estimated that 6 to 20 mg. of KK-25-S, averaging 12.1 
mg., was equivalent to 1 mg. of pempidine. In this manner, amounts of 
KK-25-S equivalent to | mg. of mecamylamine in 2 patients were found to 
be 9 and 15 mg. with a mean of 12 mg. 


DiscuSssION 


Experimental investigations on the pharmacologic activities of KK-25- 
S have shown that the drug possesses a potent ganglionic blocking action 
with a long duration and less toxicity, and that the drug is relatively well 
absorbed from the gastrointestinal tract after the oral administration. In the 
present study, therapeutic usefulness of KK-25-S for the treatment of hyper- 
tension is evaluated on the basis of the results obtained in our clinical trials. 

Data on the single dose administration suggest that the drug should be 
given in 3 or 4 divided doses in order to achieve a continuous blood pressure 
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reduction throughout a day. Individual responsiveness to the drug varied 
considerably from patient to patient, as is often the case with other anti- 
hypertensive drugs. Daily dosage therefore should be carefully determined 
in each case according to the patient’s response. Initial dosage of KK-25-S 
is recommended as much as 15 to 20 mg. per day which is gradually increased 
until satisfactory blood pressure reduction is achieved. 

Treatment with KK-25-S alone failed to maintain sufficient and con- 
tinuous blood pressure reduction in 7 of 9 patients. In contrast, combination 
with other drugs such as Rauwolfia, hydralazine and benzothiadiazine com- 
pounds resulted in good hypotensive effect in 20 of 26 patients. It may be 
suggested that hypotensive responses are augmented by additional and 
synergistic actions of these drugs. It has been also noted that ganglionic 
blockade is potentiated by saluretic action of benzothiadiazine compounds.* 
The development of drug tolerance was less frequent in Group I], indicating 
that combination with other drugs might prevent the development of the 
tolerance. This evidence may also be contributed for the greater efficacy in 
combined therapy. 

Side-effects of the drug observed in our patients were similar to those 
seen with other ganglionic blocking agents. Most of these side-effects seemed 
to be due to parasympathetic blockade. Constipation was most frequent 
but was readily relieved with laxatives. Side-effects were subsided rapidly 
when the drug was withdrawn or reduced in dosage. 

The observed fact that postural hypotension was relatively infrequent 
and slight in degree is considered to be of great advantage. It might be 
likely that the drug should possess certain central action as having been sug- 
gested with trimethidinium methosulfate.® 

Although the use of KK-25-S is indicated for moderately severe or severe 
hypertension, need for careful precautions should be emphasized when the 
drug is given to patients with advanced disease. It is especially true when 
circulatory insufficiencies in vital organs are suspected. One patient had 
an episode of transitory unconsciousness while taking the drug though it was 
unknown whether the accident was attributable to cerebral circulatory failure 
due to excessive hypotension. 

Observations on efficacy of the drug and severity of the disease classified 
according to retinal findings demonstrate that effectiveness of the drug is 
greater in early cases than in advanced cases. No difference in efficacies 
was recognizable among patients with normal and subnormal renal function. 
In this respect, it should be considered that no patient with marked renal 
failure was included in our study. 

Comparative studies on hypotensive potencies were made among differ- 
ent ganglionic blocking agents, and it may be concluded as follows: KK-25-S 
is approximately 10 times as potent as hexamethonium ; it is about one and 
a half times as potent as pentolinium; almost equivalent to equal dose of 
trimethidinium methosulfate ; and the hypotensive potency of KK-25-S is 
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about a tenth of those with mecamylamine and pempidine. 


SUMMARY 


Antihypertensive effect of KK-25-S, a new potent ganglionic blocking 
agent, was evaluated in patients with moderate to severe essential hyper- 
tension. 

(1) Hypotensive responses after single oral dose of 5 to 40 mg. of the 
drug were tested in 7 hypertensive subjects. Significant reduction of blood 
pressure was observed to occur within one or 2 hours and persisted for 4 hours 
or more. 

2) Thirty-two patients were treated with KK-25-S for periods of 2 
to 29 weeks. Seven of 9 patients treated with KK-25-S alone failed to main- 
tain significant hypotensive effect. But in 20 of 26 patients who received 
KK-25-S combined with other hypotensive drugs, significant blood pressure 
reduction was maintained throughout the treatment. 

3) Side-effects of the drug due to parasympathetic blockade were seen 
but readily controlled. Postural hypotension was relatively infrequent and 
slight in degree. 

(4) The hypotensive potency of KK-25-S was compared with those of 
different ganglionic blocking agents. 

It is concluded that KK-25-S is a potent hypotensive drug and useful 
for the treatment of hypertension. 


REFERENCES 


Finnerty, F. A., Jr. and Fries, E.D.: Circulation 2: 828, 1950. 

Smirk, F.H.: Lancet 1: 457, 1953. 

Takeda, K., Kitahonoki, K., Mineshita, T., Kido, R., and Ikeda, T.: 

Jap. Heart J. 1: 198, 1960. 

4. Keith, N. M., Wagener, H. P., and Barker, N. W.: Am. J. Med. Sci. 
197 : 332, 1939. 

5. Heider, C., Dennis, E., and Moyer, J.H.: Ann. New York Acad. Sci. 
71: 456, 1958. 

6. Dunsmore, R. A., Dunsmore, L. D., Goldman, A., Elias, M., and Warner, 

R.S.: Am. J. Med. Sci. 236: 483, 1958. 


woh -_— 








eb ren 





Algebraic Reflections on the Vector Concept 
in Electrocardiography 


Part I. Construction of the Electric Field 


Mitsumasa SATO, M.D. 


In the present study an attempt was made to systematize and 
clarify the vector theory from a new point of view, by means of 
mathematics particularly of algebra. 

In this part, the algebraic definition of vector which has been 
understood simply as a quantity with magnitude and direction, is 
introduced (Chapter 1), and the start of the arguments is shown after 
re-defining the “ electric field’’ by means of the definition (Chapter 2). 
The old hypothesis of single dipole is abandoned. The law of distri- 
bution of potentials on the body surface is expressed here as the 
“vector space generating nature of the potentials.”” The meaning of the 
catchy expression ELECTROCARDIOGRAM IS VECTOR, which contains 
the essential of this part, is explained. 


UE to the diversity of opinions concerning the electromotive force of 
D the heart, there are two opposing views in interpreting the electro- 
cardiogram,—the one is of ‘ unipolar lead’? based on the double layer theo- 
ry,’® and the other is of ‘‘ vector theory”? on the premise of equivalency of 
the electromotive force to the single electric dipole. But the clinicians in- 
cluding the author may have right to adopt arbitrarily any of the two 
views, because they are always facing to interprete the electrocardiogram 
in clinical practice, and because no one could decide theoretically which is 
superior between the two. The author, then, prefers to choose the vectorial 
one, as it is simpler and more schematic for the understanding and may 
be accepted more easily than the other. This theory usually regards all the 
electrocardiograms, recorded on the body surface, as a whole correlating 
with each other under certain principle, instead of analysing them sepa- 
rately. Much usefulness of this idea to clinicians’ understanding is well con- 
ceivable, when one recollects how widely and frequently has been applied in 
practical electrocardiography that Einthoven’s triangle. 

In the conventional vector theory, however, there are three different 
schools. One of these is that of concerning the vectorial distribution?” of 
electric potentials on the body surface caused by the activity of the heart. 
The second one is the vectorcardiography,’®) a visible representation of 
the cardiac electromotive force. The last is the so-called “‘ vectorial inter- 
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pretation *’!*):!8) which has attempted to analyse in practice the electrocardio. 
grams by means of the “ mean vector.” However, there is little correlation 
among these three, and the hypotheses underlying their arguments are some- 
times dogmatic, or it is concerned with that which is inaccessible for the clini- 
cians. For example, the equivalent single electric dipole has been postulated 
there. But, as to the so-called electromotive force or electromotive vector, the 
clinicians are never able to see or measure but imagine, because it is only the 
surface potentials (or the indirect lead electrocardiograms) that are given to 
them. Therefore, the hypothesis of the single dipole is only forced to them as 
something divine but not so convincing. ‘These make one to feel that the 
theory is very intricated and obscure. Then, is it impossible to theorize 
the vector concept in electrocardiography with merely what the clinicians 
have and without premising that inaccessible electromotive force as well as 
the other hypotheses that the body is electrically homogeneous or that the 
body surface is cylindrically shaped? For these reasons, the author thought 
it necessary to systematize and unify the present vector theory. The first at- 
tempt of this kind has been published in the previous reports.) But un- 
fortunately, the attempt was not sufficiently successful and the problems were 
not fully elucidated. The purpose of the present study is to abandon these 
conventional postulations and to systematize the vector theory from another 
new point of view, by means of mathematics particularly of algebra. 


The present study, dealing with the electric field on the body sur- 
face caused by the activity of the heart muscle, is composed of three 
parts correlating with each other. They are the parts concerning the 
* construction’? (Chapters | and 2), “ structure’? (Chapters 3 and 4) * and 
* representation” (Chapter 5)** of the field, which contain respectively 
the criticisms concerning the three schools in the conventional theory. 

In Chapter |, the algebraic definition of vector which has been 
understood simply as a quantity with magnitude and direction, is in- 
troduced, and the start of the arguments is shown in Chapter 2 after 
re-defining the “ electric field’’ by means of the definition. The old 
hypothesis of single dipole is abandoned. The law of distribution of 
potentials on the body surface is expressed here as the “ vector space 
generating nature of the potentials.” In Chapter 3, a method to decompose 
the field to the sum of fields of lower degree, and in Chapter 4, an 
* isomorphic image ”’ of the field is demonstrated so as to make its intuitive 
understanding possible. Both chapters are offered to an elucidation 
of the structure of the field. As an application of the results in these 
two chapters, the theoretical limitation of the vectorcardiography are 
discussed quantitatively. Different from these four chapters dealing 
with a single field, the last chapter (Chapter 5) concerns a set of the 
electric fields. The structure of the set of fields and its vectorial nature 


Note: The terminology in the last report'®) was adopted, but exceptionally the definition in 
§ 1 (3) and the notation for scalar and vector in § | (5) were rejected. 


*, ** These chapters will be published in the succeeding issues. 
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and “‘ representation’’. 
Here, the widely accepted method of the ‘‘ mean spatial vector”? is criticized 
from this point of view. 


are discussed by refering to its “‘ homomorphic image ’ 


The author’s opinion derived from the present study could be sum- 
marized, to some extent, in catchy expression such as ELECTRO- 
CARDIOGRAM IS VECTOR, ELECTROCARDIOGRAM IS SCALAR AND ELEC- 
[RIC FIELD IS VECTOR. 


Chapter 1. 
ALGEBRAIC DEFINITION OF VECTOR 

Although “‘ vector”? is understood usually as a quantity with magnitude and 
direction, it has in algebra a broader meaning and is defined fundamentally as 
follows.!)-®) 

A set & is called a “* vector space over field F’’, and an element of %, a “* vector’’, 
when the following conditions are satisfied. 

i) is an additive group. 

ii) An external multiplication is uniquely defined in &, between an element 

a of F and an element « of &.  (a-ae2l) 
ill a(a+pP)=aa+ap 
a+b)-a=aa+bha 
a-b)-% =a-( bea 
where a, 6 and «, f are any arbitrary elements of F and , respectively. 

iv) 14%=2% 

A set V,, of all the ordered sets of n-real numbers a), dg,...... , 4n 1S a sort of vector 
space, and a set (dj, do,...... , 4m) is a vector when addition within V,, is defined as 
addition between the corresponding components and external multiplication by F 
is defined as multiplication of each component by an element of F. That is, 


a ane » An) +(b,, bo,...... » bn) = (a, +5, ag +dq,...... » An +n) 


A+(Ay, Coy +++ eee » In) A°Ay, A*Ag,...2+. » 4An) 


The V’,, is a well-known example of the vector space. 

The definition of the vector space or of the vector may be given in another way 
according to another point of view. Here, the details about it are omitted, but 
knowledge of the following relation helps in understanding the arguments in the 
study. According to the definition, the vector space, a sort of “ algebra with 
operators ”’, has a similarity in form with “‘ ring ’’” (or “‘ integral domain” ” in more 
exact expression), which is also a sort of algebra. Here is the contrast of definitions 
of the two. 


Ring # Vector space 2 
1) It is an additive group. i) It is an additive group. 
Note: In this chapter, the term “ field’ is used in the algebraic sense, but it means “ electric 


feld * in another chapter. 
Note: As F is the field of real number in the present study, “* vector space over F’’ is called in 
brief “* vector space’’. 
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ii) Internal multiplication is defined ii) External multiplication is defined 
(a-BeR). (a-Be). 

ili) = a( Poy) = (aeB)ey ili) ae(bey) = (aeb)+7 

iv) #(B+y)=eB+ory iv) a(B+yr)=aPh+ar 
(a+B)-7=ay+p-y (a+b)-7 =ay +b-y 

Vv lea=« v) la=a 
1, a, B, 7eR 1, a, beF 3 x, B, re 


In other words, the vector space is defined by substituting the external multi- 
plication, by an element of another algebra (or the set of operators) F, for the 
internal multiplication in the ring. As the ring is analysed by means of a concept 
‘ ideal,’"") so the vector space may be analysed by introducing in it a concept 
** left ideal’, and the characters of ring may be translated into those of vector space 
almost completely. In subset %’ in A, when the relation, «—/e’, a-xe%X’ holds, 
where a and «, # are any arbitrary elements of F and XY’ respectively, %’ is called 
as a “ left ideal”? in &. Although here the left ideal is the concept identical with 
the subspace," it translates the characters of ring into vector space. The left ideal, 
which is called in brief “‘ideal”’ in the present study, is used in the following chapters. 


[x] means a principal ideal,"»®) where xe%l, and [a!, «?,...... , «*] means the 
ideal generated by k- elements «!, «?,...... , a of A. When a, «?,...... , «* are in- 
dependent linearly and | <kSn, 

’ k 1 271 ‘tal 
Fah, Pi vcsees , a*)] =[a"]+[a?]+...... [ x*] 1-1) 


holds, where n is the dimension-number of &. And & may be expressed as ideal 
generated by n-elements of %, that is 
Manta", 6*,..-60: oO (1-2 


4/ 


Another algebraic character of the vector space or of the vector are premised 
as already known in the following chapters.” 


Chapter 2. 


HyPoruHEsis OF THE VECTOR SPACE GENERATING NATURE 
OF THE ELEcTRIC FIELD 


Electric potential (electrocardiogram) p of a point s on the body surface © is 
a function of time-position T (t, t’).! 
p p t, t’) (2 1) 


Set $ consisting of all p’s corresponding to all the points on & is called “ electric 
field % ”’, and the correspondence between & and §, expressed as 


B=f 
is named as “‘ correspondence-f*’ or ‘* mapping-f of S onto $8”. Instead of studying the 


functions p’s seperately, character of the electric field as a whole will be elucidated 
in the present study. 


(Sal 


(2-2) 


If the electric field $° on the body surface is supposed as one with a single electric 
dipole, 
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p=L-X (2-3) 
holds,**!) where X does not relate to the field-position™) but relates to the time- 
position,'*) as it is the electromotive vector. Inversely to X, lead vector L relates to 
the field-position and does not to the time-position. When three basic field-posi- 
tions!) s!, s? and s° are settled on &, therefore, potential p of a field-position s is 
expressed as the linear combination of potentials p', p? and p 

p=a,p' +a, p" +a5p* f=f(F).. 4<1, 2,5) (2-4) 
where a,, @, and a, are three-real numbers relating to s and not relating to time.!* 
Then, the set of all the linear combinationsexpressedas ¢,p'+-cop?+cgp® —¢4,Ca,CgeF 
is [p', p*, p*], a three-dimensional vector space, which includes $-. 


Bc[p', p?, p*] (2-5) 
A vector space including $- thus exists. If there is another vector space ’ includ- 
ing Bp, p*, PBR Be [pl, p*, pC’. 


Hence, the vector space with the minimum dimension-number including $° exists, 
and it is no other than [p', p?, p®]. It is expressed as 

B =(¥]=[p, p?, p*] (2-6) 
and the author says that “‘ the electric field with a single dipole generates a three-dimensional 
vector space J.” 

As was mentioned in the preface, however, one cannot adopt this hypothesis 
of single electric dipole, because one is unable to think of the electromotive vector, 
lead vector etc. that are not accessible for him. In fact, it is only the set $ consisting 
of the electrocardiograms that are given to him. From this reason, the author 
noticed the ‘“‘vector space generating nature of the single dipole field”, and attempted 
to use as the basis of this study the hypothesis of this nature of the field instead 
of the conventional hypothesis of single dipole. ‘‘ The hypothesis of the vector space gener- 
ating nature of the electric field”’ is expressed as following three ways (1), (2) and (3). 

(1) The electric field generates a finite-dimensional vector space. 

2) There exists one and only one vector space, which includes the electric 
field and has the minimum dimension-number. 

3) , the set of all the following linear forms of n- independent elements /', 


| , p" of B, a,p'+a,p*+...... +aGnp™ ay, Qg...... , 4 <F ,is one and the same, 
irrespective of the number of elements /', p*,...... , P" and the way of their selection 
from $8, so far as N<n (N is a certain definite positive integer). And $, a vector 


space naturally, includes $. 

When one postulates this concerning the field on the body surface, the field is 
called as the “‘ linear electric field”, which is now the object of this study. Hereafter, 
the “electric field” or the “ field *’ means this linear electric field. The vector 
space $ generated by $ is called as the “ extension’ of the field $. Under this hy- 
pothesis, one may say, ‘‘An electrocardiogram p is a vector in the finite-dimensional vector 
space.’ Or it may be said in catchy expression that ELECTROCARDIOGRAM IS 
VECTOR. 

The “* dimension of the field ’’ is defined as that of its extension. The single dipole 
field is usually three-dimensional. 

Then a relationship between the single dipole field and the three-dimensional 
field will be demonstrated. When p', 2 and p® belong to the three-dimensional 
field and are linearly independent, the formula 
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p =a, p' +anp* +asp* A, A, ase 9-7 


holds, which is the same with formula (2-4). And when A = (4, ag, a3), P = (p', p*, p3), 
formula (2-7) is modified into a form of inner product, 


p—A-P (2-7)’ 
where P relates to the time-position, but not to the field-position of p. Contrari- 


wise, A relates to the field-position but not to the time-position. When the vector 
A in formula (2-7)’ is transformed to vector D by a given linear transformation(M), 


A=(M)D M\--0 (2-8) 
p—(M)D-P—D.( M’)P 2-9) 
p=DZ L=(M')\P (2-10, 11 


where D, as well as A, relates to the field-position but not to the time-position. As 
for <, it has the inverse relation to D. D and Z, provisionally named as “ outer 
vector ’’ and “ inner vector ”’ respectively, vary according to (./) and are not proper 
to the field. Formula (2-10) which is derived from the hypothesis and means that 
“the potential of a point on the body surface is expressed as the inner product of 
an outer vector and an inner vector ”’, is the same in form with formula (2—3) which 
means that the potential of a point on the surface is expressed as the inner product 
of a lead vector and an electromotive vector. Hence, “ lead vector is a sort of outer 
vector and electromotive vector is a sort of inner vector’. All the fundamental 
formulas in the previous report,!®) which were derived from formula (2—3) under 
the hypothesis of single dipole, may also be derived from formula (2—10) based on the 
hypothesis of vector space (three-dimensional) generating nature of the electric 
field. From these reasons, the “‘ three-dimensional field may be regarded as equivalent to 
the field with a single dipole’. To unify the forms, hereafter, symbols L and X are 
used instead of D and Z, 

The linear field may not be always three-dimensional, but the fundamental 
formulas demonstrated as formulas (1)~(12) in the previous report!®) hold in the 
same form for the field, irrespective of its dimension, if number n is substituted for 


> 


number 3 in these formulas. Here are important formulas among them. 


respectively, 


p=LX 2-12) where 

P=(X’)I 2-12)’ Le (Ly, bey. ooo 002 » 4) 
P—=(L)X 2-12)” X = (x!, x%,...... » x*) 
(P LX 2-12)’” P == (Po. Do, 20200 » Pn) 
p Daipi 2-13) P—(p, p?,...... , p”) 
p A-P 2-13)’ (eee 7" 
P=(P’)A 2-13)” A =(a', a’,...... , a”) 
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p= A-P (2-14)’ (L) = (lt) |L| 4-0 
P=(P)A (2-14)” X) = (x!) |\X|0 
p=(P)P.P = (2-15) (P) =( pi) P\+=0 
p=(P)P-P 2-15)’ ey a ee , n) 


L, P and A relate to the field-position of and not to the time-position, 
whereas, Y, P and A relate to the time-position and not to the field-position. 

From above-mentioned, it may be understood that the following points are 
quoted concerning the reason why the hypothesis of the vector space generating 
nature was proposed as the basis of the arguments. 

1) If the field is three-dimensional, it may be regarded as equivalent to that 
with a single dipole, which is usually acknowledged as the probable approxima- 
tion of the electric field generated on the body surface by cardiac activity. 

2) Even if the dimension-number of the field is n, the fundamental formulas 

for the field are the same in form with those for the field with a dipole. 
3) And as will be shown in the next chapter (Chapter 3), the n-dimensional 
field may be regarded as equivalent to that with electric dipoles. 

These three evidences indicate that the linear field defined in this chapter may 
be conceivable as well as the field with a single dipole. ‘The arguments concerning 
the former include those concerning the latter as a special case, and their results 
are more general and widely applicable than those of the conventional theory. 

The conventional vector theory, which makes it possible to map the electric 
field into the space V, as will be demonstrated later in Chapter 4, may be appreciated 
as natural to be accepted to the human thinking, because V, is that which always 
underlies one’s intuition as the solid geometric space. This is the reason why the 
theory prevailed into the modern electrocardiography, according to the author’s 
opinion. On the other hand, the linear field is mapped into the space V,.. Although 
V, is beyond one’s intuition, it is the direct and easy imaginable extension of the 
space V;. Thus, the study on the linear field generates the most natural extension 
of the vector theory. 

From above-mentioned, it will be understood that the hypothesis of the vector 
space generating nature of the electric field is regarded as the possible and natural 
and comprehensive one. 


SUMMARY AND CONCLUSION 


Various analyses of the electric field on the body surface, in connection 
with the interpretation of electrocardiogram or of vectorcardiogram, have 
been published by many investigators, and the author also has reported 
some of his opinions and criticisms containing its applications.'*'5) How- 
ever, he felt that its theoretical explanation was still unsatisfactory and not 
systematized. In the present study, therefore, an attempt was made to 
unify theoretically the results of the previous reports from certain new point 
of view and to demonstrate a way of interpreting the vector concept in electro- 
cardiography. In this part, construction of the electric field was discussed, 
and the bases of the arguments were given. 
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(1) The electric field generates a finite-dimensional vector space. 

(2) Thus, an electrocardiogram is a vector in the vector space. In this 
sense, ELECTROCARDIOGRAM IS VECTOR. 

(3) The above (1) is a postulate in composing the present study (Hypo- 
thesis of the vector space generating nature of the electric field). In the con- 
ventional “ vector theory ’’, the electromotive force of the heart is reduced to 
a single electric dipole as was the case in the previous report. In the present 
study, that customarily used hypothesis was abandoned because of the reasons 
mentioned in the preface, and (1) was adopted instead of it. As to the evidence 
that (1) includes in itself the conventional hypothesis as its special case, and 
as to the reason why (1) was proposed as the basis of the arguments, details 
were explained in Chapter 2. 

(4) An electrocardiogram, or so-called a scalar electrocardiogram, has 
been regarded as a component or a projection of some vectorial quantity such 
as electromotive vector. The above (2) shows that the electrocardiogram 
may be regarded as a vector itself, when one traces back to the fundamental 
definition (Chapter |) of vector (See also Part II Summary (4)). 

(5) The expression (1 


distribution of the electric potentials on the body surface. 


(The remaining part of this study will be reported in the succeeding issues. 
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Special Article 


Reevaluation of the Solid Angle Approach in Electro- 
cardiography Bearing on the Lead-Field Concept 


Toyomi SANO, M.D.* and Iwao OGAWA, M.S.** 


The solid angle formula in the theory of electrocardiography seemed 
to be too bold to be acceptable even as a first approximation, especially 
in unipolar chest leads, since this formula holds primarily in an infinite 
homogeneous conductor while the exploring electrode is placed so close 
to the heart. Namely, at least the boundary of the precordial chest 
wall was felt necessary to be taken into consideration. Considering this 
as a semi-infinite homogeneous conductor with some other assumed con- 
ditions and applying the lead field concept, it was found that the solid 
angle formula still holds but with a different constant. This proof 
implies that in such a case just like in an infinite homogeneous conduc- 
tor the potential at the exploring electrode concerns merely with the 
shape and position of the boundary of the excited cardiac regions, which 
lies in most instants much deeper than the actual positions of some of 
the excited parts. It is to be noted, however, that for the conventional 
limb leads we have nothing to conclude about the theoretical validity of 
the solid angle formula. 


ECENT advent of lead vector concept introduced by Burger and Van 

Milaan” and of lead field concept by McFee and Johnston?) in the theory 
of electrocardiography has contributed greatly to the removal of simplifying 
assumptions and to the search for a more general relationship between the 
lead potential and the heart electromotive force under a more realistic as- 
sumption of finite, inhomogeneous human body with an eccentric position 
of the heart. 

For the practical purposes, however, conventional approximate treat- 
ments have still their own value because of their simplicity. It is important 
in this case merely to reflect upon whether those approximations involve 
hardly acceptable oversimplifications or not. One of such first approxima- 
tions has been to regard the human body as an infinite homogeneous con- 
ductor. The well-known inverse square law and the solid angle formula 
are originally based on such a crude simplificaton. They have met with 
a considerable success in explaining the observed potential distribution along 
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the chest. After such a success, the rather drastic assumption mentioned 
above has long been left uncriticized concerning whether it is valid even as 
a first approximation or not. 

Actually, however, the assumption of an infinite conductor apparently 
seems to be too bold to be acceptable since conventional electrocardiographic 
leads are extracorporeal in most cases. Particularly, in the case of unipolar 
chest or epicardial leads, the exploring electrode is placed so close to the heart 
that at least the boundary of the precordial chest wall or of the epicardium 
should probably be taken into consideration. 

From such a critical point of view, it might even be rather surprising that 
such a seemingly erroneous treatment somehow leads to an empirically fairly 
well-established relationship between electrocardiographic potential and solid 
angle. It is of considerable interest, therefore, to see if there is any theoretical 
ground for such a simple law to hold fairly well. ‘Thus we have attempted a 
critical study and have actually found that there are certain cases where sucha 
simple law can still be verified theoretically even if we give up the assump- 
tion of infinite conductor. The analysis and a few remarks that directly come 
out will be given below. 


Classical Solid Angle Formula and Its Reevaluation Based on Lead Field Concept 

The classical solid angle formula states that the potential gp at any point 
P in (although actually on) a human body due to the heart electromotive 
force is simply proportional to the solid angle Qp at P extended by the peri- 
phery of the electrical double layer of uniform intensity ~ within the heart, 
ies, 

gp = ke pteQp (1) 

where the factor k has been usually interpreted as the “ inverse dielectric 
constant ’’ of the human body. In spite of considerable accuracy with which 
(1) holds empirically, satisfactory proof of the formula has been unknown as 
yet as was mentioned above. 

We have examined theoretically, therefore, whether and to what extent 
(1) could be extended or not to the case of a bounded (finite) conductor, with 
the help of the concept of lead field developed by McFee and Johnston on 
the basis of Helmholtz’ reciprocity theorem* in electrostatics. 

A rather remarkable conclusion has been drawn from the analysis, that 
a solid angle formula very similar to (1) holds even for a finite homogeneous 
conductor at least in a certain special case, where the surface near the ex- 
ploring electrode can be regarded as a plane and the indifferent electrode is 
placed adequately, for instance, sufficiently remote from the exploring electrode, 
so that an ideal unipolar lead is substantially realized in the vicinity of the 
heart. Such a lead field will be called as an ideal unipolar lead field here- 
after in the following. 

Namely, in this case, a potential Vy obtained by this unipolar lead will 
be shown to be given by 
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Vy (2) 


where k, u and 2p are the same quantities as above while F is a factor ex- 


= F+k+uQp 


pressed by 
: 2R ‘ 
F=-, (3) 
R + Rp 
By R we denote the internal resistance of the electrocardiograph (e.g., input 
resistance of the amplifier or coil resistance of the galvanometer). Rp means 
the resistance of the human body, including the contact resistance at the elec- 


trodes, in the case of unipolar lead. 


Mathematical Proof of the Solid Angle Formula for an Extracorporeal Lead 
Formula (2) can be proved as follows. Let e, be the electromotive 
vector, as defined by McFee and Johnston,” at the 7-th surface element with 
infinitesimal area JS; of the double layer in the heart (see Fig. 1), J; the sup- 
posed current density vector at the i-th surface element in the case when an 
external electromotive force E is assumed to be inserted in the outer electro- 
cardiograph circuit for the unipolar lead. Note that in defining J; the heart 
electromotive force must be considered to be temporarily removed and the 
whole human body should be simply regarded here as a semi-infinite, homo- 
geneous, electromotive-force free conductor. Furthermore, let / be the 
actual total current through the amplifier due to the heart electromotive force. 
Then, according to the reciprocity theorem of Helmholtz and the principle 

of superposition for the current distribution in a conductor, we have 

> (Ji, €:) = Eel (4) 


1 
Now the electromotive vector e; is, by definition,”) in the same direction 
as the normal unit vector m; of the double layer at 4S;, and is readily given by 
e, = 4zk-p-AS;-n; (5) 
since the magnitude ¢; =| e;| of the vector is defined as the potential difference 
between the double layer at JS; multiplied by 4S;, while uw is conventionally 
defined as dipole moment per unit area of the double layer. Namely, denot- 
ing the capacity of the double layer element of area 4S; by C;, the charge on 
it by +-q;, and the separation of the double layer by d;, and employing the 
familiar expression for C;: 
C; = (1/k) 48,/(4zd;) , 
we have 
e; = (q:/C;) 4S; = 4kdjq; 
and 
uu = (qi2d;)/4S; 
Eliminating the product qd; from these two expressions, we get 
é; = 4zku- AS, 


Combined with the directional relation : e; //m;, this assures the validity of (5). 
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Fig. 1. Geometry for proving the solid angle formula for unipolar lead field 
on reciprocity theorem. (a) Double layer active in the body. No external electro- 
motive force. (b) Double layer removed. External electromotive force E inserted 
in the outer circuit. Reciprocal with respect to the case (a). P, exploring 
electrode; e;, electromotive vector; mj, normal vector of unit length at J5;. 

[he sense of the introduced currents, J; and other vectors as well as J,, J, E 
etc. is tentatively taken in accordance with the adoption by McFee and Johnston.? 
It is from this reason that the electric currents are shown to flow out from P in 
(b) by inserting E£. 

This figure does not mean that the excited cardiac region has an electric 
double layer outside of which is more positive than inside, which is in itself contrary 
in the actual state, but shows in more general terms. 
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On the other hand, J; in (4) must be radially directed to the position 
P of the exploring electrode as the centre by our initial assumption of ideal 
unipolar lead field. ‘Thus 


Ji = —|Ji\-(ti/n) (6) 
where 7; is the radius vector drawn from P to the 7-th surface element and 
r=|r;| its length. Integral of J;=|J;| over a semisphere passing through the 
position “‘ 7°’ with the centre P should apparently be equal to the total cur- 
rent /, through P due to the supposed external electromotive force E, so that 
2rr?- Ji I. - ° * | Ji | . Ih (2z1,?) 


By (6), we now have 


Ji = — (1,/2z1,?) - (9,/7;) (7) 
Substitution of (5) and (7) into the i-th term in the left-hand side sum of 
4) yields 
(Ji; é;) — Qhuly- 4S;+ \ r;/Ti, n;) rf 
= 2kul,-(4S;+ cos 4;)/r? (8) 
since (r,/7;, m;) = — | r;/r;,|-| m;|+cos 6; = — cos G,, 


where 4; is the angle between J; and n,. 

The summation over 7 in the left-hand side of (4) can now easily be 
achieved by rewriting it into a form of surface integral over the double layer 
of the excited cardiac part. Thus we get at once: 

¥ (Ji, €:) = 2kul, | (cos O/r?) dS = 2kul,Qp 
since (cos 4/r?)dS is evidently equal to an elementary (infinitesimal) solid angle 
dQp at P extended by the surface element dS. 
From (4) we obtain 
Vu = IR= {3 (Ji, ei) /E}R = 2{R/(E/Ip)} kuQp 

Clearly 

E/I, = R+ Rp. 
Hence 

Vu = F+kuQp 
and F = 2R/(R + Rp) 
which are just the formula (2) and (3) to be proved. 

If we let R=Rp in (3), then we get F=1, i.e. in this case (1) holds accurate- 
ly (to the proportionality factor) even under the definite influence of surface 
charge (concentrated, in this case, on the exploring electrode). In practice, 
however, internal resistance R of the electrocardiograph is usually made quite 
larger than Rp (R>> Rp), so that F=2. 

Extension to Bipolar Leads 


Furthermore, it is very easy to extend the analysis above to the cases of 
bipolar leads, at least in a certain special case in which the two electrodes 
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P and Q are both placed on the frontal chest surface (or both on the back 


surface). In such a case, the bipolar potential difference Vg between P and 
Q is shown to be given by a formula 
Vp F’ -ku- (Qp — QQ) (9) 


with a sufficient accuracy, where F’ is a factor very similar to (3); 2p and 
Qq is the solid angle of the heart double layer periphery at P and Q, re- 
spectively. 

Namely, J; in this case can be decomposed into two current density 
vectors, 1.¢. 

Ji = Fi(P) + Fi (Q) (10) 

where J; (P) represents a radial current at the position “2” flowing towards 
a single point sink at P, while J;(Q)) stands for another radial current from 
a point source at Q (See Fig. 2). 


} 
i 
k 
k 





Fig. 2. Geometry for proving the combined solid angle formula for bipolar 
lead field. Only the case of #0 and E=0 is illustrated. 


Thus we may write: 


Ji P) . (Lo 2zrp;*) - Tp; rp; ) (11) 
and 
Ji(Q) = (o/277a*) « (Pai! Tai) (12) 


where fp; and rq; are radius vectors drawn from P and Q, respectively," to 
the i-th surface element. rp; and rq; are of course their magnitudes. 
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Substituting these expressions (10), (11) and (12) into the left-hand side 
sum of (+), we easily find, after a simple reduction similar to that in (8), 
that the sum can now be written in the form of a difference: 

E (Ji, i) = 2kul {XD (4S;-cos Op;/rp;?) + F(4S;+cos Fg;/rQ*)} 
i 1 1 
where /p; (Or %q;) is an angle between n; and Jp; (or Jo;). 

Each sum in the right-hand side represents nothing but a solid angle 
Qp or 2g at P or Q extended by the periphery of the heart double layer, 
respectively. Hence 

Z is é;) = Qk ul, (Qp —_ QQ) 


1 
and the bipolar potential difference Vy is eventually proved to be given by 
a two-term formula (9) : 


J B aa } ° ku ( Qp = 2Q) a (9) 
where 
” 2R | 


Rpg is the resistance of the human body as measured between P and Q. 
Rpg of course includes contact resistances at P and Q. 
Biological Significance of the Results Obtained 

The advent of the lead field concept might result in giving an over- 
emphasized impression that a unipolar chest lead is too much influenced or 








Fig. 3. Explanation of biological significance of solid angle approach in an ideal 
unipolar lead field. 

Some parts like (a) of the excited cardiac region (shown by the white part in 
the heart diagram) are very close to the exploring electrode P. In (a) the density 
of the lead field lines is much larger than in distant heart regions. Nevertheless, 
here just like in an infinite homogeneous conductor the potential at P concerns 
merely with the shape and position of the boundary AB of the excited cardiac parts, 


which lies much deeper than (a) and other actual portions of most of the excited 
parts. 
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distorted by the local electrical phenomena of the heart region just beneath 
the exploring electrode. This is because, in a unipolar lead, the lead field 
lines converge into the exploring electrode. Consequently, in the regions 
of the heart close to the precordial chest wall the density of the lead field lines 
is much larger than that in distant heart regions (Fig. 3). This is partly 
true, but the above-mentioned results assert that it should not be too much 
emphasized. Our results show that the potential at the exploring electrode 
in an ideal unipolar lead field is also proportional to the solid angle extended 
by the boundary of the excited heart region just as it was in an infinite homo- 
geneous conductor. The potential at the exploring electrode concerns merely 
with the shape and position of the boundary of the excited parts. Even when 
the underlying parts of the heart are excited, their adjacent part are also in 
excitation in most cases and the boundary of the whole of the excited parts 
is usually located deep in the heart. Even when there are many islets of the 
excited parts, the solid angles to them may be approximately composed into 
a single resultant solid angle to the boundary of a certain equivalent double 
layer which is also located usually deep in the heart. Namely, the position 
of the double layer which should be taken into consideration—cr the layer 
boundary—lies in most instants much deeper and is less mobile than the 
actual positions of some of the excited parts and consequently the proximity 
factor must be much less than expected. 





In the past the concept of lead field has been mainly applied to the de- 
termination of so-called “ heart vector” H=ySe; by making J; uniform or 


i 
to the location of the electrical center of the heart, by the method of null- 
field, a method utilizing the null-field position at which J;=0 of an adequate 
J-field. It should be noted that the same concept leads to another interesting 
conclusion also in the entirely opposite case of unipolar lead. 

There might have been a general impression that the solid angle approach 
holds more for limb leads than for precordial leads. It is noteworthy, how- 
ever, that we have nothing to conclude about the theoretical validity of (2) or 
(9) for electrode positions of conventional limb leads against the general 
impression. Although we proved the validity of (9) in special bipolar leads, 
the lead fields in standard limb leads are entirely different from those which 
occur in our assumption that the two electrodes are both placed on the chest 
wall. Generally it may be remarked that our analysis above is still based on 
many simplifying assumptions and hence the results like (2) and (9) are by no 
means of ultimately genera! validity. The assumptions adopted should be 
rather taken as limiting conditions for the validity of very simple relationship 
of solid angle formula. 
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Case Reports 


Bacterial Aortic Regurgitation with Musical 
and Associated Rumbling Diastolic Murmurs 


Hiroshi WATANABE, M.D., Tsuguya SAKAMOTO, M.D., 
Zen ichiro UOZUMI, M.D., Tohru KOBAYASHI, M.D., 
and Tadashi SAKURAIT, M.D. 


LTHOUGH a musical diastolic murmur in aortic regurgitation is rela- 
A tively uncommon, it has such a characteristic that one can hardly forget if 
he hears it once. Many authors have already reported this type of murmur!)~*) 
and in many times its genesis was proved to be luetic in origin. Rheumatic 
and bacterial etiology appeared to be rare in this case.”»*) Moreover, the latter 
case accompanied by an apical rumbling murmur due to relative mitral 
narrowing may be extremely uncommon, and no such report has been ap- 
peared as yet in the literature. 

This report illustrates an instance with a diastolic musical murmur as- 
sociated with an apical rumbling murmur in a patient with aortic regurgi- 
tation due to bacterial origin. 


CasE REPORT 


A 29-year-old woman was admitted to Tokyo University Hospital on May 
18, 1959, because of palpitation, dyspnea, cough, edema and feverishness. There 
was no history of rheumatic fever or venereal disease in the past. She had been 
well until January 1959 when she had complained of above-mentioned symptoms 
and the fever gradually appeared particularly toward the evening and persisted 
throughout the night. 

On admission, she was orthopneic and had edema on both face and legs. 
Physical examination revealed tachypnea with respiratory rate of 44. The fever 
was remittent from 36.6° to 38.5°C. The pulse was regular with the rate of 112. 
The blood pressure was 136/0 mm. Hg. The neck veins were distended even in a 
sitting position. Slight pallorness was also noted. 

The cardiac dullness was moderately extended to both sides and an apical 
impulse was palpable in the 5th intercostal space 1 cm. lateral to the left mid- 
clavicular line. On auscultation, there was a blowing diastolic murmur of the 
maximum intensity in the Erb’s area. In the apical region, an early systolic 
murmur and a diastolic rumble without accompanying the ringing quality of the 
Ist heart sound were also present. In the left lung field, moist and dry rales were 
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Fig. |. Phonocardiogram recorded at the time of admission. 

The apical first sound is not accentuated and the “Q-1” interval shows no 
prolongation (0.06 sec.). The mitral opening snap is absent. The third sound and 
rumbling diastolic murmur without presystolic accentuation are clearly seen at the 
apex. 
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Fig. 2. Chest X-ray showing the slight bilateral enlargement of the heart and 
the congestion of the lower lung field. 








La BACTERIAL AORTIC REGURGITATION 335 
NO. 


I I Il aVR aViL aVF 


ee 





Vv; V; V; v, V; V, 


Fig. 3. Electrocardiogram. Standardization is 1 mV. per 10mm. for standard 
leads and 5mm. for precordial leads. The left axis deviation and the definite 
sign of the left ventricular hypertrophy are not noted. 
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Fig. 4. Phonocardiogram recorded after the time of the auscultatory change. 
Compare with Fig. 1. The Austin Flint murmur at the apex is now masked by 
| the loud musical murmur and residual in its figure. 
] noted. The liver edge was palpable 3 finger-breadths below the right costal mar- 


gin with moderate tenderness. The spleen was not palpable. The phonocar- 

diogram revealed the murmurs corresponding to the auscultatory findings (Fig. 1). 

The “Q-1” interval was 0.06 sec. and the mitral opening snap was absent. 
X-ray film of the chest showed moderate bilateral enlargement of the heart and 
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increased pulmonary vascular markings (Fig. 2). The electrocardiogram is shown 
in Fig. 3. Venous pressure was 190 mm. in water. The blood study revealed the 
slight anemia with Hb. of 68°, and RBC of 334 million, and WBC was 10,900 with 
neutrophilia. The erythrocyte sedimentation rate was 35mm. in an _ hour. 
Streptococcus viridans was found in the blood culture. The serologic tests for 
syphilis were negative. 

Hospital course: Following admission, she was treated with digitalis and 
penicillin, with marked improvement at the beginning. However, the signs of 
congestive failure gradually re-appeared from the 15th hospital day in spite of the 


above-mentioned therapy. An interesting finding was that the blowing diastolic 
murmur strikingly altered its quality from the 25th hospital day and the loud 
musical diastolic murmur appeared instead of the blowing murmur (Fig. 4). An 


apical diastolic rumble became less evident at this stage and such a poor audibility 
seemed to be due to the overwhelming loudness of the musical murmur. She died 
of congestive heart failure 8 days after the time of the change in the auscultatory 
finding. 





Fig. 5. Pendant verruca (large arrow) is seen. 
Small arrow and the probe show the perforation of the cusp. 


Autopsy findings: The chief necropsy findings were in the heart, which weighed 
290 Gm. with moderate dilatation of both ventricles. The most remarkable changes 
were in the aortic valve (Fig. 5). These were following: pendant verruca of 6 mm. 
in length at the edge of the right anterior cusp, perforations of the right and left 
anterior cusps in magnitudes of 7x5 mm. and 3x2 mm. respectively, and large 
number of small verruca on every cusp. Moreover, the thickening of the endocar- 
dial surface below the perforated right anterior cusp was noted. The mitral, 
pulmonary and tricuspid valves were intact. Coronary artery was patent. The 
other findings were congestions of the liver and the spleen. No thromboembolism 
was noted. 


COMMENT 


A musical diastolic murmur in aortic regurgitation is relatively uncom- 
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mon. In our 239 cases of aortic regurgitation with phonocardiographic study, 
only 5 cases have showed this type of murmur. 

According to Stembridge and his associates,® the etiological cause of the 
aortic musical diastolic murmur is the luetic process in most instances. They 
reported that, in a total of 48 collected cases, luetic lesion was found in 36 
cases. ‘The rheumatic, bacterial or traumatic lesions were proved to be equal- 
ly rare instances. In our 5 cases, however, there were 3 luetic and 2 bacterial 
cases. Although our series was relatively small, bacterial origin of this type 
of murmur may not be rare as previously believed. This may be proved to 
be true in future when we consider the infrequent mortality of the bacterial 
endocarditis and the decreased incidence of the luetic aortic valve lesion. 

The morphological changes of the aortic valve in the cases with aortic 
musical diastolic murmur were reported to be such as retroversion,!>*#12)~16) 
22) pendant verruca®* or calcification.®?*%) Although 
there were perforations of 2 cusps and a pendant verruca in our case, it was 
not reasonable to ascribe the musical murmur to the only one deformity. 

An apical rumbling murmur in aortic regurgitation dose not always imply 
the organic mitral stenosis, but it may be functional in origin as seen in our 
case. This type of murmur had been first described by Austin Flint*® as 
far back as 1862, but its appearance has been proved to be rare instance. 
Although Weber?) suspected the existence of the Austin Flint murmur in the 
case with pure aortic regurgitation, an apical rumble in our case must be 
regarded to be the Austin Flint murmur as has been described by many 
authors. 

The exact mechanism producing the Austin Flint murmur has been the 
subject of many discussions and the presence of this murmur has been generally 
thought to indicate the existence of the relative mitral stenosis.2“°~-?% The 
clinical and the phonocardiographical differentiation of the Austin Flint 
murmur from the rumble in the case with organic mitral stenosis has also 
been investigated by many authors.*)**)-%) Segal and his associates*®) de- 
scribed the clinical features which enabled us to differentiate these 2 diastolic 
rumbles. However, in some cases, we felt the difficulty in differentiating 
these murmurs clinically during their lives. 


perforation,*” 6, 58)- 


SUMMARY 


An autopsy case of aortic regurgitation due to bacterial origin accom- 
panied by 2 uncommon murmurs, a musical aortic diastolic murmur and 
the Austin Flint murmur, was presented, and its clinical course was reported. 
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A Case of Ebstein’s Disease 


Kunio MATSUDA, M.D., Toshio OZAWA, M.D., 
Hiroichi NIITANI, M.D.,* and Masao IKEDA, M.D. 


BSTEIN” in 1866 described the first case of this entity, consisting es- 
E sentially of congenital malformation of the tricuspid valve and displace- 
ment of the valve downward into the right ventricle. Yater and Shapiro? 
in 1937 summarized this anomaly and thought that “it would appear im- 
possible to make the diagnosis during life’. In 1950 Engle et al.*) analyzed 
the clinical aspects of this disease concluding that there were sufficient charac- 
teristic features to allow the clinical diagnosis. Reynolds* in 1950 and Soloff 
et al.°) in 1951 reported the first cases diagnosed during life. With the wide- 
spread use of modern diagnostic methods, such as catheterization and angio- 
cardiography, resulting in better understanding of the clinical syndrome, a 
considerable number of reports on the clinically established diagnosis of this 
disease have appeared recently. In Japan, however, the present case repre- 
sents the first instance of which the accurate diagnosis was ascertained in 
autopsy and was reported at the 2nd Kanto District Meeting of the Japan 
Circulation Academy in Sept., 1956. 


CasE REPORT 


Fifteen-year-old male was admitted to the Okinaka Clinic of the Tokyo Uni- 
versity Hospital on May 10, 1956 with the complaints of cyanosis, easy fatigability 
and shortness of breath on slight exertion. 

Since his infancy, his mother often noted pounding of his heart. At the age 
of + he developed dyspnea and cyanosis even after a slight exercise. At that time 
a cardiac murmur was first noticed. When he entered the grammer school at 
the age of 6, his complaint had grown so worse that he could not do any exer- 
cises. At the age of 12 enormous enlargement of the heart was noticed on chest 
X-ray film. Cyanosis was seen even at rest. At the same time he noticed himself 
that his heart rate frequently became irregular. 

Physical examination on admission revealed a rather well developed and well 
nourished boy with marked cyanosis of mucous membrane and clubbing of fingers. 
Blood pressure was 108/70, pulse was regular with the rate of 76. Respiration was 
regular and 20. Bulbar conjunctiva was injected and marked polycythemia was 
noticed. The lung fields were clear. The heart was enlarged bilaterally to the 
left anterior axillary line and to | cm. right from the right sternal border. The 
heart sound was faint but regular rhythm. The pulmonic second sound was almost 


From the Prof. Okinaka’s Clinic, University of Tokyo School of Medicine. 
* Presently Associate Professor of Internal Medicine, Showa Medical School, Tokyo. 
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normal. A rough, harsh, systolic murmur was heard all over the precordium. 
Maximal point of the murmur was at the 4th intercostal space about | cm. inside 
from the left nipple. A continuous thrill was also felt at the same place. A faint 
diastolic murmur and an early diastolic extra sound was also heard, giving a triple 
rhythm. 

There was a presystolic atrial sound in the phonocardiogram (Fig. 1). PA, 
RAO, and LAO chest X-ray film revealed a globular heart, enlarged to the both 
sides (Fig. 2~4). The lung fields showed decreased vascular markings. The 
electrocardiogram (Fig. 5) showed normal sinus rhythm with occasional appearance 
of supraventricular premature beats, complete right bundle branch block, and 
peaked P-waves in leads I, II, aVr, aVr and right precordial leads. The first 
cardiac catheterization revealed a large right atrium and the catheter did not enter 
the right ventricle, being coiled up in the enormous right atrium. Meanwhile 
ventricular premature beats were frequently observed. Two weeks later the 
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Fig. 1. Phonocardiogram taken at the 4th left interspace | cm inside from the 
left nipple. 





Fig. 2. Roentgenogram of the chest Fig. 3. Roentgenogram of the chest 


(posteroanterior). (right anterior oblique). 
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Fig. 4. Roentgenogram of the chest 


(left anterior oblique). 
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Fig. 5. Electrocardiogram. 


second catheterization was performed. This time the catheter passed through the 
atrial septal defect to the left atrium, but due to the appearance of supraventricular 
paroxysmal tachycardia, the catheterization had to be discontinued. The paroxysm 
disappeared by the administration of procaine amide and cedilanid. But a few 
hours later the patient lost consciousness with pathologic reflexes in neurological 
examination suggesting a paradoxical cerebral embolism. He died 80 hours after 
the second cardiac catheterization. 

Autopsy (Fig. 6~8) showed the displacement of the tricuspid valve downward 
into the right ventricle with an enormous dilatation of the right atrium. The 
anterior cusp was membranously thickend. A part of the posterior cusp and the 
medial cusp were attached to the ventricular wall, 6 cm. below the annulus fibrosus. 
The cusps were fused together and formed a large sack to divide the right ventricle 
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into a proximal and a distal part. The wall of the right atrium and the atrial 
portion of the right ventricle were very thin, whereas the wall of the distal portion 
of the right ventricle was thick. Two passages from the proximal to the distal part 
were opened at the anterior-medial cusp junction and anterior-posterior cusp junc- 
tion. The foramen ovale was opened. This was the typical Ebstein’s disease. 
There were the brain emboli, which directly caused his death (Fig. 9, 10). 





Fig. 6. Outward appearance of the heart. 
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Fig. 7. Right atrium. 
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DiIscussION 


There are several reviews of Ebstein’s disease.*-'’ As for the frequency 
of this disease it was found in 7 (0.5%) among 1395 cases (300 autopsied)" 
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Fig. 8. View of the opened right ventricle. 
1. Posterior leaflet 

Anterior leaflet 

Inlet of pulmonary artery 
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Fig. 9 (Left) and 10 (Right). Brain embolism. 


or 2 (0.9%) in 212 cases (all autopsied) of congenital heart disease.'2) The 
total number of the reported cases are 108 cases according to Vacca!” (1958), 
and 125 cases according to Mahaim"™? (1956). In Japan, in addition to the 
present case, Okuni' presented another case simultaneously and 4 more cases 
have subsequently been reported. Thus Ebstein’s disease is relatively rare, 
but it is important to differentiate this disease from pulmonary stenosis, Fallot’s 
tetralogy, tricuspid stenosis or mitral stenosis. In this case the diagnosis was 
suspected but not ascertained in the lifetime. 
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The pathologic characteristic of Ebstein’s disease consists in the displace- 
ment of tricuspid valve downward into the right ventricle with malformation 
of the valve leaflets. ‘The malformation of leaflets is variable and often they 
are so fused and deformed that it is difficult to differentiate the individual 
leaflets. The perforation of the leaflet is sometimes found. The anterior 
leaflet is usually the largest and is partially attached to the annulus fibrosus, 
The posterior and medial cusps arise from the wall of the right ventricle and 
interventricular septum as seen in this case. The posterior leaflet is most 
frequently deformed. There is much variation in the anomalous chordae 
tendineae and papillary muscles, which are usually poorly developed. Also 
in the present case anterior papillary muscle made a bridge arising from the 
ventricular wall and again ending in the same wall. The right ventricle is 
divided into a small distal portion which is the functioning right ventricle, and 
the portion above the valve, or large proximal portion, which functions as 
part of the atrial chamber (“ atrialized”’ ventricle®)). The right atrium is 
enlarged and hypertrophied. In this case the walls of the right atrium and 
the atrialized ventricle were very thin and the wall of the functioning right 
ventricle was slightly hypertrophied. It is rather clear in this case that a con- 
siderable volume of the right atrial blood should pass the patent foramen 
ovale from right to left resulting in the marked cyanosis, because only a little 
right atrial blood could enter the narrow right ventricle through the narrow 
2 fissures, which were made by the anterior-medial cusp junction and by the 
anterior-posterior cusp junction. In addition, in this case the Eustachian valve 
and Chiari net were well developed. These are the rest in the embryonic 
stage and they are meaningless clinically.'” 

There are several explanations on the origin of this anomaly.’ Engle 
et al.®) thought that the thin ventricular wall of the atrialized portion was a 
integral part of the anomaly. But Edwards**) and Kirchmair’® considered 
it as a secondary change by the altered dynamics. Brown et al.!”) regarded 
it as the same abnormal developmental process as a tricuspid atresia. 

Clinical aspects of Ebstein’s disease is as follows. Dyspnea is a very com- 
mon complaint in this disease. Dyspnea and palpitation may be precipitated 
by paroxysmal tachycardia which has often been reported in these patients. 
It is believed by Taussig,'®? Brown et al.'”) and many others that paroxysmal 
tachycardia would be very characteristic of Ebstein’s disease. Our patient 
also had the same attack in his history. Cyanosis is also very common and 1s 
well correlated with atrial septal defect. Its appearance may be considerably 
delayed. Clubbing of fingers may or may not be present. Clinical signs 
of tricuspid insufficiency are rare. This may be due to the small ejection 
volume of the right ventricle, buffering action of the large volume of the 
functioning right atrium, and overflow through the patent foramen ovale.” 

Heart sound is faint. Murmur is not characteristic. No murmurs were 
heard in some cases.”'®-22) A systolic murmur is usually present and is often 
associated with a diastolic murmur. The systolic murmur is usually loud and 
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rough, but may often be faint.?”) It is maximal in the 3rd and 4th inter- 
costal space at the left sternal border or in the lower precordial area. The 
diastolic murmur is usually in the lower precordial areas.2??> There may be 
associated thrills. A frequent auscultatory sign which has been given con- 
siderable diagnostic significance is the presence of a triple or gallop 
rhythm.®?”)?2), ‘This is usually heard in the area of the 4th left intercostal 
space along the sternum and is heard in early diastolic period. ‘The first 
heart sound may also split. Goodwin e al.**) noticed a presystolic murmur in 
the phonocardiogram and they attributed it to the contraction of the hyper- 
trophied right atrium. 

In our case, X-ray of the chest showed the marked cardiac enlargement 
to the both sides without prominence of the main pulmonary portion. This 
gave the heart a globular appearance. ‘There is normal or decreased vascu- 
larity of the lungs. A frequent observation has been decreased pulsations over 
the right ventricle and pulmonary artery.*!7*?) The aorta is frequently 
narrow. 

The electrocardiogram may be of diagnostic aid in Ebstein’s disease. 
The most characteristic finding is right bundle branch block. This is usually 
of an atypical form, usually with a low voltage R-wave and with marked 
splintering of the R’ deflection in V,.”7 The change of P-wave is also most 
common. The tall P-wave suggests hypertrophy and dilatation of the right 
atrium. It is believed that small deflection of R-wave in the right precordial 
leads is due to the thin wall of the right atrialized ventricle. Thus this 
characteristic finding where there is no sign of right ventricular hypertrophy 
but a sign of right atrial hypertrophy, should scarcely be found in any other 
congenital heart disease, being valuable as a diagnostic aid of Ebstein’s disease. 
Conduction disturbances are particularly prone to occur during catheteriza- 
tion as in paroxysmal tachycardia. 

Angiocardiography presents a rather characteristic picture in Ebstein’s 
disease. Soloff et al.°) and others*’)-?”) were able to demonstrate a notch or 
band separating the functioning right ventricle from the atrial portion of the 
right ventricle. ‘This is considered pathognomonic. Other findings are 
as follows: (1) greatly enlarged right atrium, (2) delayed emptying of the right 
atrium and the right ventricle, and (3) poor or absent visualization of the 
pulmonary arteries. The prolongation of the circulation time is often seen 
in Ebstein’s disease*)?8) as was noticed also in our case. We think it might 
be contrasted with the fact as described here in (2). Kjellberg e¢ al.*® have 
emphasized the dangers of angiocardiography in this condition. 

Cardiac catheterization findings are of value for diagnosis of Ebstein’s 
disease. Especially it is more useful than the angiocardiography to rule out 
pulmonary stenosis. The pressures are normal in the right ventricle and 
pulmonary artery. Difficulty of the catheter to pass through the tricuspid 
valve coiling up in the enormous right atrium, may help the diagnosis. The 
right atrial pressure is usually elevated, but may be normal. An interatrial 
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septal defect is often found as it was observed in this case. There are some 
reports of sudden death'®**)®® or gangrene of the legs*” during or after the 
catheterization, and this kind of danger was emphasized by Campbell®® or 
others.*)*)1817).31) Unfortunately in our case paroxysmal tachycardia ap- 
peared during the catheterization and after that the patient died from cerebral 
embolism. 

As far as the differential diagnosis between pulmonary stenosis and Eb- 
stein’s disease are concerned, the electrocardiogram in pulmonary stenosis 
shows right ventricular hypertrophy whereas the pattern in Ebstein’s disease 
often shows particular type of right bundle branch block with tall P-waves. 
The final diagnosis of pulmonary stenosis is determined by cardiac catheteri- 
zation where a pressure gradient is demonstrated at the pulmonary valve. 

Although there have been survivals even to the age of 79 years,**) the 
average age at the time of death was 23 years in Vacca’s series of this disease.!” 
The causes of death are brain abscess, paradoxical embolization, tuberculosis, 
or sudden cardiac death. The latter is likely to occur with strenous activity, 
surgery, or during or after the diagnostic procedures. 

A satisfactory surgical procedure has not yet been developed for the cor- 
rection of the cardiac defect in this disease. Operative fatality associated with 
closure of an atrial septal defect has been reported in 2 patients with Ebstein’s 
disease*’ since the initial successful case of Wright.*® 


SUMMARY 


The first autopsied case of Ebstein’s disease in Japan was described with 
a review of pertinent literature, emphasizing important signs and symptoms 
of this disease. 
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A Case of Coronary Sclerosis in Small Arteries 
Associated with Diffuse Myocardial Fibrosis 


Ryozo OKADA, M.D., Kenichi HARUMI, M.D., 
Masuyo NOMURA, M.D., and Satoru MURAO, M.D. 


N recent years, diffuse myocardial fibrosis has received much attention 

by its difficulty in making diagnosis and its diverse etiology") although 
the causal relationship between myocardial fibrosis and disease of the coro- 
nary arteries has been well recognized in many cases. The anatomic changes 
in the coronary arteries, however, seemed not always to be proportional to 
the changes in the myocardium. Though the importance of the sclerosis in 
proximal coronary arteries has been recognized, yet, changes in the small 
arteries in the myocardium and their effect on the myocardial nutrition have 
received very little attention.*»*) We have seen a case of small artery type 
of coronary sclerosis with diffuse myocardial fibrosis which had a family 
history indicating other members of the family had similar ailment. 


CasE REPORT 


A 56-year-old male government employee was admitted to the Tokyo Uni- 
versity Hospital on June 29, 1959, because of the shortness of breath, oppressive 
sensation on the epigastrium on moderate exercise and swelling of his legs. All of 
his three brothers had died of cardiac failure and one of them autopsied at the First 
Tokyo National Hospital will be presented later. In the past, he had been living 
on the height of 3,000 meter above the sea during 5 years from 1934 to 1939. He 
had never suffered from venerial disease nor rheumatic fever. Thirteen years 
prior to the admission, cardiac enlargement was noticed by a physician but he had 
no complaint. In 1952, albuminuria was noticed but he did not remember whether 
his blood pressure was elevated or not. In February, 1959, he suffered from 
lumbar pain, and in May, bronchitis was treated with antibiotics. Since that time, 
anorexia and oppressive sensation on the epigastrium became more and more 
intensive. In June, he became so dyspneic that he could not carry on his daily work. 

On admission, he showed a puffy face and swollen legs. Respiratory rate was 
27, pulse was slightly irregular with a rate of 72. Blood pressure was 104/88. Cardiac 
dullness appeared to be enlarged bilaterally, but no cardiac murmur was audible. 
No rales were heard in the lungs. In the epigastrium, there were slight expantion 
and resistance, but neither liver nor spleen was palpable. 

Laboratory examinations were summarized in Table I. Slight leukocytosis, 
albuminuria, disturbance of liver-function and azotemia were chief findings. 
Ophthalmoscopic examination revealed no arteriosclerotic change in ocular fundi. 


From the Second Department of Internal Medicine, Faculty of Medicine, University of 
lokyo, Tokyo. 
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Table I. Laboratory Data 


Serum Wassermann reaction . 


ett sec: eons . negative 
i SOO, 5. k 6k se eK ee ee Ke ee ee ee ee Se 
Blood study: 
EE EE ee en ee me meee eee 
RBC . ier lush . 445 x 104 
PIT eg See i tne e. Le el a ee ee ee ee oe Ce 
WBC 9,600 
Hemogram normal 


Urinalysis: 


Albuminuria - +(1.5%,) 


. red cell 6~7/1 vf. 
cast 4~12/Ivf. 


Urobilinogen 


Sediment . 


Blood chemistry: 


fotal protein. . . . . . .6.0Gm./100 ml. Total cholesterol . . . . . 176mg./100 ml. 
rn ee er ere Koserus tmiee .. ww... 

 ; es ll BaP est (4) . . . .. - 17S% 

Me 6 kk we se we eo ee Zn turbidity test .... .7.3 
Sones wae wee eae es 
aa a ree 


Chest X-ray revealed bilateral enlargement of the heart and fullness of left upper 
cardiac border (Fig. 1). Electrocardiogram on admission revealed normal sinus 
rhythm, right axis deviation (+150°), low voltage in the limb leads and enlarged 
P-waves. In addition, the patterns of small R and deep S were observed in left 
precordial leads with no remarkable ST-T depression (Fig. 2). 

In the course of hospitalization, he was treated with digitalis, aminophyllin 
and other diuretics, but no favorable response was obtained. Edema became more 
and more remarkable, serum non-protein-nitrogen was elevated and micellaneous 
arrhythmias such as atrial flutter or fibrillation, supraventricular tachycardia and 
sinus bradycardia with atrioventricular interference dissociation appeared transi- 
ently (Fig. 3). On September 8, severe epigastrial pain occurred suddenly at 


* sad 


Fig. 1. Chest X-ray film. 
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Fig. 2. Electrocardiogram taken on June 24, 1959. 


midnight and was accompanied by collapse which recovered by the use of nor- 
epinephrine. After several days, tar-like feces was excreted. Fever of 38°C and 
leukocytosis of 15,600 also appeared. The patient died on September 16, 1959. 

Autopsy findings: Body weight 51 Kg. Body height 175cm. The heart 
weighed 490 Gm. Both ventricles showed moderate hypertrophy and slight dilata- 


tion (Fig. 4). The ventricular wall measured 1.4 cm. on the left and 0.4 cm. on 
the right. The distribution of coronary arteries showed right dominant type.” 


The left anterior descending branch was especially small and penetrated into the 
myocardium at the point about 5 cm. apart from the left coronary ostium. Athero- 
sclerosis of the proximal coronary arteries was moderate and showed luminal nar- 
rowing up to only 25°% at several points. In the apex of the left ventricle, there 
was a broadbean sized fresh thrombus, and bean sized one in the both atrial ap- 
pendage respectively. Slight valvular thickening by the lipoid deposition and fibro- 
sis was observed at the mitral leaflets and aortic cusps. In the cut surface of the 
myocardium of the both ventricles, one could observed even macroscopically 
numerous, diffusely scattered and small streaks of fibrosis (Fig. 5). Severe athero- 
sclerosis of the aorta with partial deposition of calcium was noticed. 

Moderate emphysema of the both upper lobes and atelectasis of the right lower 
lobe in the lungs were disclosed. Pleural effusion measured 600 ml. in the left, 250 
ml. in the right side, respectively. 
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Fig. 3. 
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Electrocardiograms taken on July 6, 
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1959 (Left) and July 15, 1959 (Right). 











OKADA, HARUMI, NOMURA, AND MURAO m0, Tie # 


uly, 


1S*) 
Si) 
No 





— a - 


Fig. 4. Frontal view of the heart showing left ventricular hypertrophy. 
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Fig. 5. Horizontal cut surface of the left ventricle showing diffuse fibrosis of myocardium. 





Two fresh gastric ulcers measured 3x2 cm. and 8x2cm. were discovered, 
and there was acute hemorrhagic, purulent panperitonitis with about 2,000 ml. 
of ascites. The perforation of the larger ulcer was assumed as the major cause of 
the death. Congestion of the atrophied liver, brain and almost whole organs, 
and turbid swelling of the kidney with several infarction were also observed. 
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Fig. 6. Marked medial hyper- 
trophy and collagenosis with elastosis 
and elastolysis of the intima, in the in- 
tramural small artery. 


100, Elastica-van Gieson’s stain. 





Fig. 7. Focal fibrosis in the myo- 
cardium. 100, H-E stain. 





Fig. 8. Sclerosis of the small artery 
and focal muscle degeneration. 


100, Mallory’s azan stain. 





Histologic examination: In the myocardium of the both ventricles, very striking 
changes of the vessels were recognized, that was, marked medial hypertrophy with 
muscle degeneration and collagenosis occurred in the medium-sized and small 
arteries. The most remarkable such a change was seen in the arteries of about 100 u 
in diameter, and resulted in severe luminal narrowing up to 90%. In addition, 
moderate endothelial hyperplasia with proliferated, degenerated and partially splitted 
elastic fibres, was observed in the medium-sized arteries (Fig. 6). Moreover, slight 
intima hyalinosis was also seen in the arterioles of under 50 « in diameter. Marked 
congestion of the venous system in the myocardium was also noted. 

Fibrotic foci were scattered in the myocardium diffusely but irregularly (Fig. 
7). The most of them were small in size and streaky or spider-form in shape. 
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Various grade of degeneration, anoxic changes and fall-out of muscle fibres without 
cellular reaction were also seen in the subendocardial myocardium (Fig. 8). The 
almost same but less severe changes in the small arteries were also observed in 
other organs, including kidney. 

Autopsy findings in his brother: At the First Tokyo National Hospital a 43-year-old 
male died of chronic cardiac failure of 11 years duration. Heart weighed 620 Gm. 
Moderate hypertrophy of the both ventricles was observed. Almost same changes 
as his brotier’s heart were disclosed, such as hypoplasia of the left coronary arteries, 
mural thrombi, moderate medial hypertrophy of the small arteries and scattered 
small fibrosis foci in the myocardium. 


COMMENT 


Clinically, the etiological diagnosis of the cardiac disease in this case was 
very difficult. It is usual that patients are suspected clinically of sclerotic 
heart disease when congestive heart failure appears in aged individuals, and 
the other heart diseases of popular origin are excluded. It is especially true 
in our patient because of his angina-like discomfort in his past history. In 
this case, however, cardiac configuration in X-ray or ECG findings could 
not be considered to support such a diagnosis. Accordingly, various types 
of etiology were suspected but could not be decided until his death. 

Autopsy revealed a peculiar type of arteriosclerosis and myocardial 
fibrosis. Namely, severe atherosclerosis of the aorta (sclerosis index® ; 82) and 
moderate sclerosis of the proximal coronary arteries (sclerosis index ; 30) were 
recognized but luminal narrowing was not marked (narrowing index ; 3.3) in 
this case. The small arteries of about 100 u in diameter, however, showed 
striking luminal narrowing due to the marked medial hypertrophy and col- 
lagenosis. By many authors, changes in the intramural coronary arteries 
have been described as unusual preponderance of hyalinization in the muscle 
coats,”) intimal fibrosis, medial fibrosis, arteritis obliterans type of lesions 
with perivascular fibrosis,®) or rare occurrence of sclerosis in distal arteies 
alone,'*!7)18) but no particular relationship between these changes and 
atherosclerosis in larger arteries was described. These special types of 
arteriolosclerosis were assumed etiologically unknown” or related with old 
inflammatory process.’ On the other hand, Moritz and many other 
authors’’"!” mentioned that arteriolar sclerosis in hypertensive individuals 
showed intimal hyalinosis, endothelial hyperplasia and medial hypertrophy 
with degeneration. This description was very similar to our case, but on 
admission, his blood pressure was not elevated. In fact, we could not 
deny that he might have hypertension prior to his admission, and assuming 
of previous hypertension might be rather convenient to explain the etiology 
of his cardiac disease. But his clinical course, the findings of X-ray film, or 
ECG did not seem to be compatible with established hypertension. 

Furthermore, we examined these changes of arteries quantitatively by the 
“Arterial Profile’? method.'*) The outer diameter of arbitrary artery (except 
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Fig. 9. Coronary arterial profile. 


adventitia) was plotted on the horizontal axis with logarithmic scale, and the 
ratio of the thickness of arterial wall to the diameter was plotted on the vertical 
axis. From the 100 points corresponding to the myocardial arteries of various 
sizes, we obtained a curve which represented the ratio of the mean thickness 
of arterial wall to its diameter. In this case, the profile showed a sharp peak 
of luminal narrowing in the arteires of about 100 wu in diameter (Fig. 9). So, 
the fibrosis in the myocardium in this case might be assumed to be a result 
of ischemia due to the small arterial sclerosis. 

The hereditary factor of this disease suggested by the fact that all of 
his 3 brothers died of cardiac failure and that one of them showed almost 
equal histologic findings as this case, was another interesting feature in this case, 
though the hereditary nature has been described in the coronary arterio- 
sclerosis.“ 1*) It was also observed that extreme preponderance of the right 
coronary branches in their distribution might occur hereditarily, and it was 
speculated to be one of the predisposition to heart failure.’ 

Complication of peptic ulcer with coronary thrombosis!® has been re- 
ported. In our case, perforation of peptic ulcer was believed to be the direct 
cause of the death. 


SUMMARY 


A case of 56-year-old male with oppressive sensation on the epigastrium 
and chronic congestive heart failure persisting for 4 months was presented. 
At autopsy, the coronary arteriosclerosis of intrmural small artery of about 
100 « in diameter associated with diffuse fibrosis of the myocardium was 
observed. Similar changes were also verified in his brother. 

The pathogenesis was discussed briefly and it was supposed that these 
pathological changes were very similar to the findings due to hypertension, 
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though the clinical findings could not be considered to support this etiology, 
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